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Isolated postpartum  central diabetes  insipidus  in a

primi mother  with  postpartum  preeclampsia

Diabetes  insípida  central  posparto  aislada  en  una  madre  primípara
con  preeclampsia  posparto

Dear Editor,

Diabetes insipidus is  an uncommon endocrinological pheno-

menon in postpartum period and is usually encountered in

women with impaired hepatic degradation, multiple gesta-

tion, pre-eclampsia, eclampsia, hepatic steatosis and HELLP

syndrome (haemolysis, elevated liver enzymes and low pla-

telet count).1 Postpartum diabetes insipidus is a  rare entity

and is usually associated with Sheehan’s syndrome1,2 with

associated deficiency of anterior pituitary hormones. Here, we

report a rare case of isolated acute-onset diabetes insipidus

in a primi mother with good response to 1-deamino-8-D-AVP

(DDAVP).

A 24 year old primi mother who underwent lower segment

caesarean section (LSCS) at 39  weeks’ gestation due to  mater-

nal request and small for gestational age in  February 2024,

presented to the emergency department with complaints of

headache, blurring of vision, polydipsia, and polyuria on the

fourth postoperative day. She had no features of pre-eclampsia

and she had normal lab  parameters during her entire antena-

tal period. Her baby weighed 2400 g and the placenta weighed

approximately 400 g. On examination, she had a  blood pres-

sure of 180/100 mm Hg without any focal neurological deficits.

She was administered labetalol and intravenous magnesium

(4 g bolus followed by 2 g/h infusion) according to the gynaeco-

logical protocol for eclampsia. Her antihypertensives included

oral sustained release nifedipine and labetalol. Fundoscopy

revealed a normal fundus. Lab revealed serum sodium –

144 meq/l, potassium – 3.7 meq/l, creatinine – 0.6 mg/dl, blood

urea nitrogen – 7.4 mg/dl, glucose – 124 mg/dl, haemoglobin –

11.6 g/dl, WBC  – 7600/mm3,  platelets – 258,000/mm3,  glucose

– 124 mg/dl, bilirubin – 1.1 mg/dl, SGOT – 52  IU/l and SGPT –

48 IU/l. Urine examination revealed sterile urine with a  spe-

cific gravity of 1005 and proteinuria of 190 mg/day without

active urinary sediments. The calculated serum osmolality

was 298 mOsm/kg, urine osmolality – 87.8 mmol/kg and she

had a urine output of 300–400 ml/h. Due to low specific gra-

vity, low urine osmolality, elevated serum sodium levels, and

polyuria, she was diagnosed with diabetes insipidus and star-

ted on 10 �g nasal puff in each nostril twice a  day (cumulative

dose: 40 �g/day). Two hours after the desmopressin nasal puff,

her urine osmolality increased to  305 mmol/kg and her urine

output gradually decreased to 100–150 ml/h. Her urine output

was 5700 ml/day on the first day of admission. She was  mana-

ged with different intravenous fluids (0.45% normal saline and

Ringer’s lactate) as  per  the serial electrolyte levels (Table 1) to

ensure euvolemia. Her urine volume gradually decreased to

2.3 l  on Day 4. Withdrawal of nasal DDAVP on Day 5  of admis-

sion resulted again in polyuria with repeat urine osmolality

– 104 mOsm/kg thereby confirming the diagnosis of central

diabetes insipidus. MRI of the pituitary gland revealed a nor-

mally sized pituitary midline pituitary stalk with differentially

enhanced foci measuring 6 mm  × 4 mm  and 5 mm ×  4  mm in

the right and left lateral aspects, respectively (Fig. 1). Abdo-

minal ultrasonography revealed a  normal postpartum uterus.

Her 8 am serum cortisol level was  11 mcg/dl, serum TSH was

2.45 mIU/l and serum prolactin level was 246 mU/l indicative of

an  intact anterior pituitary hormonal axis. Her serum ADH was

found to be less than 1 pg/ml. Her antihypertensives were wea-

ned off to one antihypertensive medication upon discharge.

She was  transitioned to oral DDAVP (0.1 mg  thrice a day) on

Day 6 and discharged with complete resolution of polyuria

and polydipsia. She  has stable electrolytes without polyuria

on review with complete tapering of DDAVP within 3 weeks.

Repeat serum ADH levels was found to  be 2.3 pg/ml after stop-

ping DDAVP on review after 1  month.

Fig. 1 – Coronal view of T1  weighted MRI  sequence of the

pituitary with contrast showing two  differentially

enhancing foci in the right and left lateral aspects (red

arrows) suggestive of pituitary incidentalomas.

https://doi.org/
http://www.revistanefrologia.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2024.02.008&domain=pdf
dx.doi.org/10.4321/S2254-28842019000200010
https://fundacionrenal.com/tu-tambien-nos-puedes-ayudar-a-prevenir-la-enfermedad-renal-desde-la-infancia-con-renata-mi-nefrologa/30/08/
https://fundacionrenal.com/tu-tambien-nos-puedes-ayudar-a-prevenir-la-enfermedad-renal-desde-la-infancia-con-renata-mi-nefrologa/30/08/
https://fundacionrenal.com/tu-tambien-nos-puedes-ayudar-a-prevenir-la-enfermedad-renal-desde-la-infancia-con-renata-mi-nefrologa/30/08/
dx.doi.org/10.1371/journal.pone.0178128
dx.doi.org/10.1186/s40594-017-0077-0
dx.doi.org/10.1177/1757975910393585
dx.doi.org/10.1053/j.ajkd.2012.12.014
mailto:mdarenas@friat.es
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.2024.02.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2024.05.003&domain=pdf
dx.doi.org/10.1038/s41581-020-0315-4
dx.doi.org/10.1016/j.kint.2023.01.006
dx.doi.org/10.1038/s41581-023-00759-0
https://www.elmundo.es/madrid/2021/01/13/5ffdf58afdddff39198b45d5.html
https://www.elmundo.es/madrid/2021/01/13/5ffdf58afdddff39198b45d5.html
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
mailto:claudiayustelozano@yahoo.es
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefro.2024.05.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2024.05.006&domain=pdf
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0055
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0060
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0065
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0070
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0075
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0080
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0085
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0090
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0095
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
http://refhub.elsevier.com/S0211-6995(24)00019-5/sbref0100
mailto:zoilastany@gmail.com
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
http://creativecommons.org/licencias/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefro.2024.05.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2024.05.008&domain=pdf


n e f r o  l o g i a 2 0 2 4;4 4(6):894–920 903

Table 1 – Serial laboratory investigations during the admission period.

Parameter Day  0 Day 1 Day 2 Day  3  Day  4 Day 5 (withdrawal of

DDAVP)

Day  6  Day 7

Sodium (meq/l) 144 138 136 134 133 144 138 136

Potassium (meq/l) 3.7 3.6 3.8  3.4 3.6 3.8 3.7  4

Glucose (mg/dl) 124 116 122 106 100 121 125 114

Urine specific gravity  1.005 1.010 1.015 1.005 1.015  1.020

Serum osmolality (mOsm/kg) 298 295 298

Urine osmolality (mmol/kg) 87.8 346 104

Urine output (ml) 5700  4100 3740 2780 2300  3940 2870 2320

ADH (pg/ml) <1

TSH (mcg/dl) 2.45

Cortisol (mIU/l) 11

Prolactin (mU/l) 246

Diabetes insipidus is a  hereditary or acquired medical

disorder characterized by polyuria, polydipsia, and urine with

low specific gravity and osmolality.1,3 It  is broadly classified as

central diabetes insipidus(DI), which is characterized by defi-

ciency or impaired secretion of arginine vasopressin (AVP) and

nephrogenic DI which is characterized by resistance to  the

action of AVP.3

Postpartum diabetes insipidus can be a part of Shee-

han’s syndrome or  transient gestational DI due to increa-

sed vasopressinase activity.1 The estimated prevalence of

vasopressinase-induced DI is  approximately 2–4 in 1 lakh

pregnancies.4,5 The level of vasopressinase decreases to unde-

tectable level approximately 5–6 weeks after delivery, thereby

leading to a transient picture of DI.6 Sheehan’s syndrome

is a notable cause of postpartum hypopituitarism and is

characterized by anterior and posterior pituitary hormone

deficiency.7 It is usually a  result of severe hypotension and

shock due to postpartum haemorrhage, manifesting as  lac-

tation failure, asthenia, genital hair loss, hypopigmentation,

psychiatric disturbances, cognitive dysfunction, and diabe-

tes insipidus.1,7 Vasopressinase-induced DI usually remits

by delivery,8 but isolated cases of postpartum DI complica-

ted by placental abruption extending up  to four weeks have

been reported in  the medical literature.1 Our case is uni-

que in that the patient underwent uneventful LSCS without

any obvious cause of unregulated vasopressinase release in

circulation, presenting with DDAVP-responsive DI. We  postu-

late that the baseline vasopressinase levels might have been

high in this patient because of a  low birth weight baby, mild

intrauterine growth restriction (IUGR) and higher placental

weight/birthweight ratio.9 Impaired hepatic clearance of vaso-

pressinase may have contributed to DI, which is evident by

concomitant hepatic enzyme derangement. Postpartum DI is

commonly observed in  multiple gestations, twin pregnancies,

assisted In Vitro Fertilization, pre-eclampsia, eclampsia, and

hepatic steatosis.1,8,9 DDAVP is resistant to degradation by

vasopressinase1,9 and hence it produced an optimal clinical

response. This patient came under the ambit of postpartum

preeclampsia because the patient presented with new-onset

headache, visual blurring, accelerated hypertension, and mild

liver dysfunction, which may  also have contributed to the pat-

hogenesis of DI.1,9,10 Our patient had transient central diabetes

insipidus which settled after 4  weeks which is  evident by nor-

malization of serum ADH.

This case highlights the  importance of postpartum pre-

eclampsia, higher placental/birth weight ratio, IUGR, and

hepatic dysfunction as contributors to the pathogenesis of

transient postpartum diabetes insipidus.
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A  propósito de  un caso  de  exceso aparente de

mineralocorticoides, con clínica  nefrológica  y

neurológica  desde  el nacimiento,  y con nueva

variante probablemente  patogénica en  gen

HSD11B2

A  case  report  of  apparent  mineralocorticoid  excess,  with
nephrological  and  neurological  symptoms  since  birth,  and  with  a
new  probably  pathogenic  variant  in  HSD11B2  gene

El exceso aparente de mineralocorticoides (EAM) es una forma

rara de seudohiperaldosteronismo caracterizada por hiper-

tensión precoz, hipopotasemia, alcalosis metabólica, niveles

bajos de renina y  aldosterona, debido a baja o nula actividad

de la enzima 11-beta-HSD21.

Varón que, tras cesárea a  término, precisa reanimación car-

diopulmonar avanzada. Percentil de peso de recién nacido

menor de 3. Padres sanos, no consanguíneos. Presenta hiper-

tensión pulmonar severa neonatal. Al sexto día aparecen

mioclonías y  signos electroencefalográficos epileptiformes,

por lo  que recibe fenobarbital. Tensión arterial elevada, ini-

ciándose tratamiento con nifedipino en la primera semana

de vida. Ante los signos de insuficiencia cardiaca, se añade

digoxina, furosemida y potasio a  los 18 días.
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