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Introduction
Hyperemesis Gravidarum (HG) occurs in 0.3-10.8% of pregnancies, and leads to 

significant weight loss, malnutrition, dehydration, dysionemia, and ketonuria [2-4]. 
HG contributes to over 375,000 ER/hospital discharges in the US annually [5], and 
is associated with morbidity such as pneumomediastinum [6-10], renal failure, liver 
dysfunction, Boerhaave’s syndrome, and Wernicke’s encephalopathy [11-15]. HG is 
also associated with an increased risk of adverse outcome including low birth weight, 
neurodevelopmental disorders, intrauterine growth restriction, preterm delivery, and 
fetal and neonatal death [16-19]. 

Creanga, et al. recently reported that maternal deaths are on the rise in the 
United States, with 3,358 pregnancy-related deaths between 2006 and 2010 [20]. 
Approximately 20% of those are undelivered and potentially HG-related. However, 
since cardiac arrest or respiratory failure may be the primary cause of death, HG-
related deaths remain essentially undocumented.

Here we report on the progressive deterioration of a woman with HG who developed 
profound malnutrition and electrolyte disturbances, and whose neurological signs 
were undiagnosed and improperly treated leading to her death. 

Case
Week 3: Embryos transferred in a healthy 34 year-old 5’ 7” 122 pound G1, P0 

woman. 

Week 7: Ultrasound confirmed viable twin pregnancy.

Week 9: Patient presented to ER with severe dehydration, unsteady gait, weakness 
and “off” affect. She complained of poor intake for 3 weeks and weighed 108 pounds. 
One liter of D5LR was infused over 40 minutes, then 1L normal saline (NS), followed 
by continuous NS at 150 ml/hr until discharge. Days 2-3, she exhibited slowing speech, 
confabulation and confusion with halting speech and possible hallucinations. Labs 
showed severe ketonuria and hematuria, and hypokalemia (3.1 mEq/L). Day 4, serum 
sodium (Na) was 130 (normal 133-148 mEq/L), potassium (K) 3.7 (normal 3.6-5 
mEq/L), and blood urea nitrogen (BUN) 1 (normal 7-12 mg/dL). Patient complained 
of head and abdominal pain. She was discharged with a diagnosis of depression and 
hyponatremia, prescribed ondansetron and prenatal vitamins (Premesis Rx), and 
instructed to increase protein and salt intake. 
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Week 10: The following day, her husband found her incoherent 
and incontinent in fetal position on the floor, and rushed her 
to the hospital. She was hypertensive, emaciated, disoriented, 
weak and unable to follow commands. Reflexes were brisk. Labs 
revealed hyponatremia (122 mEq/L), serum hypo-osmolality 
(269 mOsm/kg), normokalemia and proteinuria. Her serum 
vitamin B1, B6 and B12 levels were normal. Methylprednisolone 
and acyclovir were administered until infectious and autoimmune 
tests returned negative.

During the week, she was described as uncooperative, 
lethargic, non-verbal, flat, disoriented, and severely weak, with 
garbled speech and frequent staring. She developed nuchal 
rigidity, photophobia and headache for three days. Her EEG 
showed abnormal slowing of background patterns in the 
theta range. Midweek, she demonstrated a Babinski reflex, 
and was agitated and easily startled. It appeared that she was 
hallucinating, and had slow, halting speech. She was hypertensive 
and tachycardic with poor skin turgor. Treatment was fluid 
restriction and diuretics for hyponatremia, and medications for 
atrial arrhythmias and hypertension. A MRI of her brain revealed 
white matter hyperintensity in the periventricular regions, 
brainstem, cerebellar cortex, and hypothalamus. 

At week’s end, she weighed 98 pounds (>20% loss since IVF). 
She responded minimally with incomprehensible speech. Serum 
alanine aminotransferase (ALT) was 37 U/L (normal 3-23 U/L), 
albumin 0.7 g/dL (normal 3.1-5.1 g/dL), phosphorus 2.5 g/dL 
(normal 3.1-4.6 mg/dL), BUN 2 mg/dL, K 4 mEq/L, and Na 120 
mEq/L. 

Week 11: Due to inability to move, paucity of speech, 
brisk reflexes, clonus, hyperesthesia, and somnolence, she was 
transferred to a tertiary hospital. Her cerebrospinal fluid (CSF) 
protein level was elevated at 122/mg/dL. Her serum electrolytes 
remained depressed. She was cachetic and contracted. Parenteral 
thiamin, antibiotics, and methylprednisolone were administered. 
She became normonatremic, but exhibited photophobia, 
dysphagia, confusion, and clonus. Two fetal heart tones were 
confirmed.

A repeat MRI found bilateral signal abnormalities in the 
cerebral hemispheres, in addition to the brainstem, cerebellar 
white matter and corpus callosum. Neurology suggested a 
diagnosis of reversible Wernicke’s encephalopathy (WE) or 
central pontine myelinolysis (CPM). 

Week 12: Patient was mostly nonverbal and alert but 
disoriented. Tachycardia with atrial arrhythmias and dysphagia 
continued. Parenteral nutrition (PN) with standard multivitamins 
commenced. She became less responsive and startled 
easily. A repeat MRI was essentially unchanged. Neurology 
revised their diagnosis to extrapontine myelinolysis (EPM). 
Methylprednisolone and thiamin were discontinued. She was 
given anticoagulants, antibiotics, and folic acid.

Week 13: Patient became unarousable and nonresponsive 
with posturing. Her urine output decreased markedly, while her 
Na fluctuated near 140 for five days then gradually decreased 
to 133. She remained tachycardic and weighed 113 pounds. 
Neurology noted pathologically brisk reflexes in her upper 
extremities and lower extremity withdrawal, thus concluding 
a diagnosis of WE due to nutritional depletion and electrolyte 

imbalance. Parenteral thiamin was restarted. EEG monitoring 
revealed seizure activity. PN was replaced with enteral nutrition 
via a percutaneous endoscopic gastrostomy tube. Fetal heart 
tones were detected.

Week 14: Patient’s weight dropped to 106.4 pounds, over 
15% below her prepregnancy weight. Ultrasound detected two 
fetal heartbeats. Her EEG showed a steady sleep state. On day 
36, the patient had respiratory failure. The autopsy concluded a 
differential diagnosis of diffuse leukoencephalopathy. 

Wernicke’s Encephalopathy
Reports of WE secondary to HG are on the rise, with over 25 

cases published between 2012-2015 [15,21-43]. Recent studies 
show advances in the diagnosis and management of WE [42,44], 
nevertheless, 71-85% of WE cases remain undiagnosed until 
postmortem evaluation [45,46]. 

WE is typically identified by the symptom triad of ataxia, 
confusion and oculomotor abnormalities. However, 10-47% 
of patients lack these signs, especially with gradual or episodic 
WE onset, and non-alcoholic patients [45,47-49]. This patient 
lacked expected oculomotor signs likely because she received 
intermittent thiamin which can resolve symptoms within six 
hours [49]. 

Persistent or prolonged vomiting, confusion, and 
unintentional weight loss are red flags indicating a high risk 
of WE [50]. Additional WE signs seen in this patient include 
weakness, dysarthria, confabulation, akinetic mutism, aphasia, 
cardiac failure, seizures, abdominal pain and nausea [51-55]. 
Mental status changes are nearly universal and exhibited as 
dizziness, drowsiness, apathy, and cognitive impairment [46,52]. 
Gait abnormalities range from weakness to inability to stand 
[52], and may be somewhat difficult to identify in HG patients 
experiencing vertigo and postural hypotension. 

WE develops rapidly when initiated by severe, short-term 
thiamin deficiency (TD) in the presence of infection [45] or an 
event that rapidly increases thiamin requirements [56]. Chronic 
WE associated with HG occurs subsequent to persistent or 
recurring mild TD [56]. This gradual onset of WE manifests with 
nonspecific symptoms such as headaches, anorexia, irritability 
and abdominal discomfort, all common with HG. Then progresses 
to spastic paresis and myoclonus with nuchal rigidity, as seen in 
this patient [44,45,56].

As her condition worsened, advanced WE signs [49,56] were 
noted: elevated transaminase levels, diffuse background slowing 
on EEG, seizure activity, and high CSF protein levels. Consistent 
with the literature, her MRI findings involving the cerebellar and 
cerebral cortices, typically observed in non-alcoholic patients, 
correlated with poor outcomes [39,56]. 

Because WE is an emergency situation, it should be empirically 
treated with IV thiamin, along with electrolyte replenishment, 
elimination of predisposing factors, and implementation of 
nutritional support [56,57]. Baseline MRIs are important to 
diagnosis and evaluation of treatment, as parenteral thiamin 
may alter MRI findings within 2-3 days [49,56]. Unfortunately 
for this patient, antibiotics and nutritional intervention were not 
initiated for two weeks. Thereafter, treatment was inadequate 
and inconsistent. If thiamin administration had commenced 
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immediately, along with parenteral nutrition, chronic disability 
or death could have been prevented; the longer the delay, the 
poorer the outcome [46,58]. 

Thiamin 
Thiamin is an essential micronutrient only obtained from food 

or supplements. The body’s 25-30 mg of thiamin storage is depleted 
before three weeks of deficits, regardless of BMI [49,52,59]. TD 
predisposes patients to WE as thiamin is required for metabolism 
of glucose and maintenance of myelin in the brain [51]. 

TD is prevalent during pregnancy because the body redirects 
maternal thiamin to the baby, especially during later pregnancy, 
exacerbating maternal TD [39,60-65], and greatly increasing 
the risk of fetal loss and preeclampsia [39,51,60-64]. The 
recommended thiamin intake of 1.4-1.5 mg during pregnancy 
is inadequate for pregnancies with multiple gestations or HG 
[38,42,49,64,65]. HG patients require even more due to their 
high carbohydrate diet [61,66], coexisting deficiencies (e.g. Mg) 
[56,66], limited food variety, prolonged malnutrition, impaired 
absorption [38,67], and reduced muscle mass for storage. 
Symptoms of early TD mimic HG, including depression, irritability, 
weakness, headache, dizziness, insomnia, myalgia, muscular 
atrophy, anorexia, nausea, vomiting, weight loss, constipation, 
memory loss, pain sensitivity, and mood lability [58,68-70]. 
TD adversely impacts the fetus as well, increasing the risk of 
impaired brain development, neuromotor immaturity, cranial 
malformations, low birth weight, and IUGR [60,61,62,64,71]. 

TD also weakens cardiac function [68], and likely contributed 
to this patient’s heart failure. Within 48 hours of discontinuing 
parenteral thiamin and receiving diuretics, which increase 
thiamin excretion [68-74], she developed atrial arrhythmias 
and refractory tachycardia. This patient’s b-type natriuretic 
peptide (BN) test subsequently returned elevated at 868 pg/ml, 
suggesting moderately-severe heart failure, and a 15 times higher 
risk of death [73,74].

Confirmatory lab testing of TD may be confusing, as current 
testing reflects only 0.8%-10% of the body’s thiamin stores and 
represents recent thiamin intake [68,69]. Further, thiamin testing 
is not always available or reliable, and researchers report 50% of 
WE patients have normal thiamin levels [49,50,68,75], suggesting 
multiple causative factors exist for WE. 

Given the high prevalence of TD in pregnancy [61,63,71], 
TD should be assumed in patients with HG. Parenteral thiamin 
is non-toxic and rarely causes anaphylaxis, making proactive 
administration during pregnancy safe. Thus, immediate thiamin 
administration should be initiated in any patient with nausea 
and vomiting or other predisposing conditions, especially those 
receiving parenteral nutrition, diuretics, or glucose, and those 
with abnormal cardiac or neurological symptoms [56,68,72]. 

Of note, this patient’s severe malnutrition was documented 
repeatedly without intervention, along with recent depression 
and anorexia subsequent to HG. Clinicians postulated her 
symptoms were an eating disorder or psychosis, and suggested 
she might want to terminate. Beginning pre-hospitalization, 
however, her neurological symptoms impaired self-feeding. In 
addition, she lost 10 pounds during her first two inpatient weeks. 
Parenteral nutrition with multivitamin infusion and folic acid 

was then instituted for 19 days, with IV thiamin intermittently 
administered on 11 nonconsecutive days [76,77].

Had she survived, her twins would be predisposed to TD, 
as approximately 85.2% of babies born to TD mothers are also 
deficient [61]. If breastfeeding, these infants develop TD within 
3-4 weeks and have greater incidence of SIDS, behavioral 
changes, autism, delayed language development, and decreased 
visual alertness [60-64,71]. Addressing TD proactively during 
pregnancy not only benefits mothers, but also their infants. 

Osmotic Demyelination Syndrome (ODS)
This patient’s condition was further complicated by 

refractory hyponatremia, rapid correction of which often leads 
to myelinolysis. Resulting MRI changes develop over 1-4 weeks 
[51,78-88], however, partial healing may occur simultaneously 
with appropriate treatment, complicating the picture [47,82-
92]. Achieving normonatremia is crucial as the presence of even 
mild hyponatremia increases mortality risk by 30%, regardless of 
comorbid conditions [83].

Patients with hyponatremia present with nausea and 
vomiting, headache, short-term memory loss, confusion, lethargy, 
fatigue, anorexia, muscle weakness, spasms, seizures, and 
decreased consciousness [84], all of which were seen in this 
patient. Because sodium and thiamin are interdependent, with 
thiamin involved in nerve impulse conduction, and its uptake 
dependent upon sodium, deficiencies in either can cause severe 
neurological sequelae [49,68,70]. 

Central pontine myelinolysis (CPM), or demyelination in 
the pons, is induced by slight increases in osmotic pressure 
attributable to electrolyte infusions, especially in the presence of 
severe infections, cachexia, and electrolyte imbalances [57,85]. 
This patient exhibited common signs: confusion, pseudobulbar 
palsy, dysarthria, dysphagia, and spastic paresis [54,78,86].

CPM is often biphasic, beginning with encephalopathic 
symptoms, followed by brief improvement, and then progression 
to signs of myelinolysis [78,85]. Similarly, this patient experienced 
neurological improvement with nutritional intervention and 
normonatremia, only to develop persistent dysarthria and 
dysphagia before becoming comatose and hyponatremic.

Lesions outside the pons, or extrapontine myelinolysis (EPM), 
are rare, affecting the cerebellum, basal ganglia, cerebral white 
matter, hippocampus, and the corpus callosum [78,77]. EPM 
occurs in approximately 10% of CPM cases, and was exhibited in 
this patient by cognitive deficits, seizures, tremor, myoclonus, and 
dystonia [54,88]. 

Demyelination occurring both within and outside the 
pons is termed ODS, and usually associated with significant 
osmotic shifts. In this severely malnourished patient, numerous 
osmotic shifts occurred due to alternating fluid restriction and 
rehydration, diuretics, PN, and electrolyte replacement. TD and 
cachexia left her with minimal osmolytes and inadequate amino 
acids for their production, thus increasing the probability of 
demyelination [78,88,89]. 

This patient exhibited signs of WE, CPM and EPM, all of which 
were suggested as possible diagnoses by her treating physicians, 
but were not considered as concurrent. Yet, ODS is reported to 
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accompany WE in about 30% of cases [78]. Proactive and more 
systematic intervention with nutritional therapy and electrolyte 
replacement would have improved the odds for this patient and 
her twins.

Discussion
This case presents the complexity and critical importance 

of proactively managing nutritional and metabolic imbalances 
associated with HG. Ultimately, this patient’s nutritional 
deficiencies triggered not only cerebral vasogenic edema 
associated with WE, but also osmotic shifts leading to osmotic 
demyelination syndrome (ODS). This patient’s course was further 
complicated by urosepsis, possibly confusing the clinical picture 
with septic encephalopathy and triggering WE [45]. Delayed 
diagnosis in addition to inadequate treatment and nutritional 
intervention resulted in her death. 

Recently, five maternal deaths have been reported secondary 
to HG [40,41,91]. These cases were complicated by diagnoses 
including Wernicke’s encephalopathy, seizures, hypokalemia, 
thyroid storm, dehydration, and/or severe thyrotoxicosis. In 
addition to our case, these fatalities illustrate the importance 
of rapid diagnosis, preventative vitamin supplementation, and 
electrolyte monitoring and correction. 

To our knowledge there are eight previously reported cases 
of WE with ODS secondary to HG [42,43,47,92-96]. Maternal 
survival was 100%, although some suffered disabilities, however 
the fetal loss rate was 33%. Fetal morbidity is unknown. This 
report is the first to describe both maternal and fetal deaths due 
to the co-occurrence of WE and ODS secondary to HG.

Recommendations
Firstly, we recommend documentation and investigation 

of all HG-related deaths, including necropsies with detailed 
neuropathological examinations in those with neurological 
symptoms [56]. This patient’s death was coded as “respiratory 
failure”, and the autopsy listed cause of death as “diffuse 
leukoencephalopathy,” thus obscuring the diagnosis of HG. 

Secondly, we recommend prescribing prenatal vitamins 
which contain a minimum of 5 mg of thiamin to all pregnant 
women, especially those with nausea and vomiting and those 
carrying multiple fetuses [97,98]. PremesisRx prenatal, given 
to this patient, lacked thiamin. Further, all women at risk for 
HG, including those with a personal or family history of HG 
[99,100], should be prescribed prenatal vitamins and B complex 
preconceptionally to correct deficiencies. 

Thirdly, given B vitamins are inexpensive, non-toxic, well-
tolerated, widely available, and critical to maternal and fetal 
functioning, we recommend parenteral vitamins with 100 mg 
thiamin, immediately be given to all mothers presenting with 
vomiting, dehydration and/or weight loss, urgently if neurological 
or cardiac symptoms are present. Protocols should recommend 
infusing thiamin up to 1000 mg/day daily for 5 days to 3 weeks 
to replenish stores [42,51,53,56,82], or until oral intake resumes. 
Minimum doses of 250 mg are crucial for patients with prolonged 
HG, especially in late pregnancy when fetal brain growth is rapid 
[62,101]. 

Recent studies suggest it is not critical that thiamin be 
infused simultaneously with glucose [102]. However, if it is 

not given immediately, it might be delayed or never given 
[56,103]. We, therefore, continue to recommend concurrent 
administration [45]. 

Oral thiamin dosing should follow parenteral when an HG 
patient is asymptomatic, preferably with a thiamin derivative 
such as thiamin tetrahydrofurfuryl disulfide, which is more 
readily absorbed than thiamin hydrochloride [104-106]. Given 
its short half-life, thiamin should be taken at least twice daily for 
three months or more in 30-50 mg doses [33,56]. HG patients 
rarely tolerate prenatal vitamins or B vitamin supplements, 
making compliance challenging. Oral supplements containing 
only critical nutrients like thiamin and pyridoxine are 
alternatives. 

Finally, we recommend serum electrolytes be checked on 
all patients with a history of nausea and vomiting to screen 
for deficiencies. The patient’s state of hemoconcentration or 
hemodilution should be taken into account when interpreting 
the results. HG patients in a catabolic state may not show obvious 
signs of clinical deficiency [107-115]. Careful replenishment and 
ongoing monitoring should be performed regularly until patients 
are asymptomatic with adequate intake. Table 1 shows general 
guidelines for treatment of HG with respect to weight loss. 

Guideline For Treating NVP With Consideration Of Weight Loss:
Wt loss <5% - Rehydrate**, evaluate needed lifestyle & antiemetic changes. 
Check serum electrolytes. Prescribe 30-50 mg oral thiamin as tolerated.
Wt loss 5%-10% - Rehydrate**, review antiemetic options, evaluate need for 
nutritional support, and consider midline IV for regular infusion of fluids. Check 
metabolic panel. Prescribe 30-50 mg oral thiamin as tolerated.
Wt loss >10% - Rehydrate**, run comprehensive labs to determine nutritional 
status, give parenteral vitamins including B complex daily, reevaluate 
antiemetic strategy & tolerability, consult with nutritional support regarding 
increasing protein and vitamins, esp. B vitamins. Consider midline for PPN, 
enteral nutrition (NG/NJ, PEG/PEJ), or a PICC for TPN. Prescribe oral thiamin 
after discontinuing PN/EN.
REMEMBER: Check thiamin content of parenteral multivitamins. MVI only has 
6 mg thiamin. Parenteral B-complex usually has 100 mg of thiamin. 
**Rehydrate using D5NS with an ampule of MVI plus 100 mg thiamin and folic 
acid, or Myer’s Cocktail + 1 ampule of MVI and folic acid, or a Banana Bag with 
B-complex. Additional nutrients such as vitamin K [108], zinc, selenium, iron, 
magnesium and calcium are likely deficient; replenishment benefits mother and 
baby and may preempt additional complications [109,110].

Table 1: Guidelines for treating HG.

Predisposing Factors For Thiamin Deficiency 
Diuretics [111]
PN/Refeeding [15]
Malnutrition [65]
Hypomagnesia [66]
Inadequate thiamin intake [112]
Protein deficiency [113]
Vomiting/HG [37]
Pregnancy [56,61]
Malabsorption [38,114]
Antibiotics [115]
Antacids [56,112]  
Cachexia [65] 

Multiple Gestation [39] 

Glucose Infusion [53]
Anemia [106]

Table 2: Predisposing Factors for Thiamin Deficiency.
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Education
Additionally, we recommend all patients with nausea and 

vomiting be screened for TD, WE and ODS, and their caregivers 
and clinicians, especially obstetric and emergency personnel, be 
educated on the signs and management of these disorders. Table 
2 lists predisposing factors for TD as were seen in this patient. 

These actions, along with proactive parenteral vitamins and 
electrolytes as needed, should dramatically reduce neurological 
and cardiac sequelae secondary to HG, as well as associated 
morbidity and mortality.

Conflict of Interest
The authors report no conflict of interest. 

References

1.	 Fairweather DV. Nausea and vomiting in pregnancy. Am J Obstet Gynecol, 
1968;102(1):135-75.

2.	 Nelson-Percy C. Treatment of Nausea and Vomiting in Pregnancy. Drug 
Safety, 1998;19(2):155-164. 

3.	 Zhang J, Cai W. Severe vomiting during pregnancy. Epidemiology. 
1991;2(6):454-457. 

4.	 Goodwin T, Poursharif B, Korst L, MacGibbon K, Romero R, Fejzo M. Secular 
Trends in the Treatment of Hyperemesis Gravidarum. Amer J Perinatol, 
2008;25(3):141-147. 

5.	 HCUP Databases. Healthcare Cost and Utilization Project (HCUP). 2012. 
Agency for Healthcare Research and Quality, Rockville, MD. 

6.	 Liang S, Ooka F, Santo A, Kaibara M. Pneumomediastinum following 
esophageal rupture associated with hyperemesis gravidarum. J Obstet 
Gynaecol Res, 2002;28(3):172-175. 

7.	 Yamamoto T, Suzuki Y, Kojima K, et al. Pneumomediastinum secondary 
to hyperemesis gravidarum during early pregnancy. Acta Obstetricia et 
Gynecologica Scandinavica. 2001;80(12):1143-1145. 

8.	 Gorbach J, Counselman F, Mendelson M. Spontaneous pneumomediastinum 
secondary to hyperemesis gravidarum. J Emerg Med. 1997;15(5):639-643.

9.	 Schwartz M. Pneumomediastinum and bilateral pneumothoraces in a patient 
with Hyperemesis Gravidarum. CHEST. 1994;106(6):1904. 

10.	Karson E, Saltzman D, Davis M. Pneumomediastinum in Pregnancy. 
Obstetrics & Gynecology. 1984;64(Supplement):39S-43S. 

11.	Buchanan G, Franklin V. Hamman and Boerhaave syndromes - diagnostic 
dilemmas in a patient presenting with hyperemesis gravidarum: a case report. 
Scot Med J. 2014;59(4):e12-e16.

12.	Eroglu A, Kurkcuoglu C, Karaoglanoglu N, Tekinbas C, Cesur M. Spontaneous 
esophageal rupture following severe vomiting in pregnancy. Dis Esophagus. 
2002;15(3):242-243. 

13.	Woolford T, Birzgalis A, Lundell C, Farrington W. Vomiting in pregnancy 
resulting in oesophageal perforation in a 15-year-old. J Laryngology Otol. 
1993;107(11). 

14.	Chirino O, Kovac R, Bale D, Blythe JG. Barogenic rupture of the esophagus 
associated with hyperemesis gravidarum. Obstet Gynecol. 1978 Jul;52(1 
Suppl):51S-53S.

15.	Giugale L, Young O, Streitman D. Iatrogenic Wernicke encephalopathy 
in a patient with severe hyperemesis gravidarum. Obstet & Gynecol. 
2015;125(5):1150-1152. 

16.	Mullin P, Bray A, Schoenberg F, et al. Prenatal exposure to hyperemesis 
gravidarum linked to increased risk of psychological and behavioral disorders 
in adulthood. J Dev Orig Health Dis. 2011;2(04):200-204. 

17.	Roseboom T, Ravelli A, van der Post J, Painter R. Maternal characteristics 
largely explain poor pregnancy outcome after hyperemesis gravidarum. Eur J 
Obstet & Gynecol Reprod Biol. 2011;156(1):56-59. 

18.	Dodds L, Fell D, Joseph K, Allen V, Butler B. Outcomes of Pregnancies 

Complicated by Hyperemesis Gravidarum. Obstet Gynecol. 2006;107(2, Part 
1):285-292. 

19.	Veenendaal M, van Abeelen A, Painter R, van der Post J, Roseboom T. 
Consequences of hyperemesis gravidarum for offspring: a systematic review 
and meta-analysis. BJOG, 2011;118(11):1302-1313. 

20.	Creanga AA, Berg CJ, Ko JY, Farr SL, Tong VT, Bruce FC, Callaghan WM. 
Maternal mortality and morbidity in the United States: where are we now? J 
Womens Health (Larchmt). 2014 Jan;23(1):3-9. 

21.	Palacios-Marqués A, Delgado-García S, Martín-Bayón T, Martínez-Escoriza 
JC. Wernicke’s encephalopathy induced by hyperemesis gravidarum. BMJ 
Case Rep. 2012 Jun 8;2012. pii: bcr2012006216. 

22.	Saab R, El Khoury M, Jabbour R. Wernicke encephalopathy after Roux-
en-Y gastric bypass and hyperemesis gravidarum. Surg Obes Relat Dis. 
2013;9(6):e105-e107. 

23.	Chitra S, Lath KV. Wernicke’s encephalopathy with visual loss in a patient 
with hyperemesis gravidarum. J Assoc Physicians India. 2012;60:53-6.

24.	Justin C, Annamalai A, Pricilla G, Muralidharan K, Srinivasan K, Gurnell M. 
More than just morning sickness. QJM. 2013;106(12):1123-1125. 

25.	Aydin C, Celebisoy M, Uysal D, et al. A rare complication of hyperemesis 
gravidarum: Wernicke’s encephalopathy. J Pak Med Assoc. 2013:63(8):1056-
1059.

26.	Kang B, Kim M, Kim J et al. A Critical Case of Wernicke’s Encephalopathy 
Induced by Hyperemesis Gravidarum. Korean Journal of Critical Care 
Medicine. 2015;30(2):128. 

27.	Firdous U, Sharara HA, Nahia FA, Al Saqqa M, Musaed S. Wernicke’s 
encephalopathy and Hyperemesis gravidarum. Int J Nutr Pharmacol Neurol 
Dis. 2013;3:142-5.

28.	Kotha VK, De Souza A. Wernicke’s encephalopathy following Hyperemesis 
gravidarum. A report of three cases. Neuroradiol J. 2013;26(1):35-40.

29.	Anaforoğlu İ, Yildiz B, İnceçayir Ö, Algün E. A woman with thyrotoxicosis- 
and hyperemesis gravidarum-associated Wernicke’s encephalopathy. Neuro 
Endocrinol Lett. 2012;33(3):285-9.

30.	Kumar D, Geller F, Wang L, Wagner B, Fitz-Gerald MJ, Schwendimann 
R. Wernicke’s encephalopathy in a patient with hyperemesis gravidarum. 
Psychosomatics. 2012;53(2):172-4. 

31.	Housni B, Mimouni A, Serraj K, Oulali N, Azzouzi A. [Wernicke’s 
encephalopathy complicating hyperemesis gravidarum]. Ann Fr Anesth 
Reanim. 2012;31(6):565-6. 

32.	Zara G, Codemo V, Palmieri A, Schiff S, Cagnin A, Citton V, Manara R. 
Neurological complications in hyperemesis gravidarum. Neurol Sci. 2012 
Feb;33(1):133-5. 

33.	Di Gangi S, Gizzo S, Patrelli T, Saccardi C, D’Antona D, Nardelli G. Wernicke’s 
encephalopathy complicating hyperemesis gravidarum: from the background 
to the present. J Matern Fetal Neonatal Med. 2012;25(8):1499-1504. 

34.	Baouahi H, Doumiri M. [Wernicke encephalopathy complicating hyperemesis 
gravidarum and associated with pontine myelinolysis]. Pan Afr Med J. 
2014;1;19:340. 

35.	Shikha D, Singla M, Bajracharya B, Winer N. A Case of Gestational 
thyrotoxicosis associated with Wernicke’s encephalopathy. Endocrine 
Practice. 2014;1(-1):1-10. 

36.	Yahia M, Najeh H, Zied H, Khalaf M, Salah AM, Sofienne BM, Laidi B, 
Hamed J, Hayenne M. Wernicke’s encephalopathy: A rare complication of 
hyperemesis gravidarum. Anaesth Crit Care Pain Med. 2015 Jun;34(3):173-
7. 

37.	Togay-Isikay C, Yigit A, Mutluer N. Wernicke’s encephalopathy due to 
hyperemesis gravidarum: an under-recognised condition. The Australian and 
New Zealand Journal of Obstetrics and Gynaecology. 2001;41(4):453-456.

38.	Bellad AV, Shrinivas B, Arif M, Suhas. A Rare Case of Wernicke’s 
encephalopathy due to hyperemesis gravidarum. Online J Health Allied Scs. 
2015;14(1):3. 

39.	Freo U, Rossi S, Ori C. Wernicke’s encephalopathy complicating gestational 
hyperemesis. European Journal of Obstetrics & Gynecology and Reproductive 
Biology. 2014;180:204-205. 

http://www.ncbi.nlm.nih.gov/pubmed/4877794
http://www.ncbi.nlm.nih.gov/pubmed/4877794
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231543/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2231543/
http://www.ncbi.nlm.nih.gov/pubmed/18260047
http://www.ncbi.nlm.nih.gov/pubmed/18260047
http://www.ncbi.nlm.nih.gov/pubmed/18260047
http://www.hcup-us.ahrq.gov/databases.jsp.
http://www.hcup-us.ahrq.gov/databases.jsp.
http://www.ncbi.nlm.nih.gov/pubmed/12214835
http://www.ncbi.nlm.nih.gov/pubmed/12214835
http://www.ncbi.nlm.nih.gov/pubmed/12214835
http://www.ncbi.nlm.nih.gov/pubmed/11846715
http://www.ncbi.nlm.nih.gov/pubmed/11846715
http://www.ncbi.nlm.nih.gov/pubmed/11846715
http://www.ncbi.nlm.nih.gov/pubmed/9348052
http://www.ncbi.nlm.nih.gov/pubmed/9348052
http://www.ncbi.nlm.nih.gov/pubmed/7988226
http://www.ncbi.nlm.nih.gov/pubmed/7988226
http://www.ncbi.nlm.nih.gov/pubmed/6472747
http://www.ncbi.nlm.nih.gov/pubmed/6472747
http://www.ncbi.nlm.nih.gov/pubmed/25338772
http://www.ncbi.nlm.nih.gov/pubmed/25338772
http://www.ncbi.nlm.nih.gov/pubmed/25338772
http://www.ncbi.nlm.nih.gov/pubmed/12444998
http://www.ncbi.nlm.nih.gov/pubmed/12444998
http://www.ncbi.nlm.nih.gov/pubmed/12444998
http://www.ncbi.nlm.nih.gov/pubmed/8288984
http://www.ncbi.nlm.nih.gov/pubmed/8288984
http://www.ncbi.nlm.nih.gov/pubmed/8288984
http://www.ncbi.nlm.nih.gov/pubmed/683643
http://www.ncbi.nlm.nih.gov/pubmed/683643
http://www.ncbi.nlm.nih.gov/pubmed/683643
http://www.ncbi.nlm.nih.gov/pubmed/25774927
http://www.ncbi.nlm.nih.gov/pubmed/25774927
http://www.ncbi.nlm.nih.gov/pubmed/25774927
http://www.ncbi.nlm.nih.gov/pubmed/25141163
http://www.ncbi.nlm.nih.gov/pubmed/25141163
http://www.ncbi.nlm.nih.gov/pubmed/25141163
http://www.ncbi.nlm.nih.gov/pubmed/21288626
http://www.ncbi.nlm.nih.gov/pubmed/21288626
http://www.ncbi.nlm.nih.gov/pubmed/21288626
http://www.ncbi.nlm.nih.gov/pubmed/16449113
http://www.ncbi.nlm.nih.gov/pubmed/16449113
http://www.ncbi.nlm.nih.gov/pubmed/16449113
http://www.ncbi.nlm.nih.gov/pubmed/21749625
http://www.ncbi.nlm.nih.gov/pubmed/21749625
http://www.ncbi.nlm.nih.gov/pubmed/21749625
http://www.ncbi.nlm.nih.gov/pubmed/24383493
http://www.ncbi.nlm.nih.gov/pubmed/24383493
http://www.ncbi.nlm.nih.gov/pubmed/24383493
http://www.ncbi.nlm.nih.gov/pubmed/22684836
http://www.ncbi.nlm.nih.gov/pubmed/22684836
http://www.ncbi.nlm.nih.gov/pubmed/22684836
http://www.ncbi.nlm.nih.gov/pubmed/23932007
http://www.ncbi.nlm.nih.gov/pubmed/23932007
http://www.ncbi.nlm.nih.gov/pubmed/23932007
http://www.ncbi.nlm.nih.gov/pubmed/23029727
http://www.ncbi.nlm.nih.gov/pubmed/23029727
http://www.ncbi.nlm.nih.gov/pubmed/17151540
http://www.ncbi.nlm.nih.gov/pubmed/17151540
http://www.ncbi.nlm.nih.gov/pubmed/17151540
http://www.ijnpnd.com/article.asp?issn=2231-0738;year=2013;volume=3;issue=2;spage=142;epage=145;aulast=Firdous
http://www.ijnpnd.com/article.asp?issn=2231-0738;year=2013;volume=3;issue=2;spage=142;epage=145;aulast=Firdous
http://www.ijnpnd.com/article.asp?issn=2231-0738;year=2013;volume=3;issue=2;spage=142;epage=145;aulast=Firdous
http://www.ncbi.nlm.nih.gov/pubmed/23859165
http://www.ncbi.nlm.nih.gov/pubmed/23859165
http://www.ncbi.nlm.nih.gov/pubmed/22635085
http://www.ncbi.nlm.nih.gov/pubmed/22635085
http://www.ncbi.nlm.nih.gov/pubmed/22635085
http://www.ncbi.nlm.nih.gov/pubmed/22243990
http://www.ncbi.nlm.nih.gov/pubmed/22243990
http://www.ncbi.nlm.nih.gov/pubmed/22243990
http://www.ncbi.nlm.nih.gov/pubmed/22534098
http://www.ncbi.nlm.nih.gov/pubmed/22534098
http://www.ncbi.nlm.nih.gov/pubmed/22534098
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/22003959
http://www.ncbi.nlm.nih.gov/pubmed/22003959
http://www.ncbi.nlm.nih.gov/pubmed/22003959
http://www.ncbi.nlm.nih.gov/pubmed/25148818
http://www.ncbi.nlm.nih.gov/pubmed/25148818
http://www.ncbi.nlm.nih.gov/pubmed/25148818
http://jpma.org.pk/full_article_text.php?article_id=4450
http://jpma.org.pk/full_article_text.php?article_id=4450
http://jpma.org.pk/full_article_text.php?article_id=4450
http://jpma.org.pk/full_article_text.php?article_id=4450
http://onlinelibrary.wiley.com/doi/10.1111/j.1479-828X.2001.tb01330.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1479-828X.2001.tb01330.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1479-828X.2001.tb01330.x/abstract
http://www.ojhas.org/issue53/2015-1-3.html
http://www.ojhas.org/issue53/2015-1-3.html
http://www.ojhas.org/issue53/2015-1-3.html
http://www.ncbi.nlm.nih.gov/pubmed/24913936
http://www.ncbi.nlm.nih.gov/pubmed/24913936
http://www.ncbi.nlm.nih.gov/pubmed/24913936


Citation: MacGibbon KW, Fejzo, MS, Mullin PM (2015). Mortality Secondary to Hyperemesis Gravidarum: A Case Report

Page 6 of 7

www.scientonline.org Womens Health GynecolVolume 1 • Issue 2 • 011

40.	Kantor S, Prakash S, Chandwani J, Gokhale A, Sarma K, Albahrani MJ. 
Wernicke’s encephalopathy following hyperemesis gravidarum. Indian J Crit 
Care Med. 2014;18(3):164-166. 

41.	Walid D, Latifa J,  Nadia O,  Abdelwahab M, Hamouda Sonia B, et al. Fatal 
complication of hyperemesis gravidarum: Wernicke’s encephalopathy. 
Tunisia Medical. 2012;90(08):661-663.

42.	Sutamnartpong P, Muengtaweepongsa S, Kulkantrakorn K. Wernicke′s 
encephalopathy and central pontine myelinolysis in hyperemesis gravidarum. 
Journal of Neurosciences in Rural Practice. 2013;4(1):39.

43.	 Gayathri K, Bhargav P. Hyperemesis Gravidarum is a Syndrome of Metabolic 
and Endocrine Disturbances: A Case Description. Indian J Clin Biochem. 
2013;29(3):390-392. 

44.	Sechi G, Serra A. Wernicke’s encephalopathy: new clinical settings and recent 
advances in diagnosis and management. Lancet Neurol. 2007;6(5):442-455. 

45.	Donnino M, Vega J, Miller J, Walsh M. Myths and Misconceptions of 
Wernicke’s Encephalopathy: What Every Emergency Physician Should 
Know. Ann Emerg Med. 2007;50(6):715-721. 

46.	Scalzo S, Bowden S, Ambrose M, Whelan G, Cook M. Wernicke-Korsakoff 
syndrome not related to alcohol use: a systematic review. J Neurol, Neurosurg 
Psychiatry. 2015:jnnp-2014-309598. 

47.	Peeters A, Van de Wyngaert F, Van Lierde M, Sindic CJ, Laterre EC. 
Wernicke’s encephalopathy and central pontine myelinolysis induced by 
hyperemesis gravidarum. Acta Neurol Belg. 1993;93(5):276-82.

48.	Reuler J, Girard D, Cooney T. Wernicke’s Encephalopathy. New England 
Journal of Medicine. 1985;312(16):1035-1039. 

49.	Chiossi G, Neri I, Cavazzuti M, Basso G, Facchinetti F. Hyperemesis 
gravidarum complicated by Wernicke encephalopathy: background, case 
report, and review of the literature. Obstet Gynecol Surv. 2006;61(4):255-
268. 

50.	Verma V, Donadee C, Gomez L, Zaretskaya M. Nonalcoholic Wernicke’s 
encephalopathy associated with unintentional weight loss, cholecystectomy, 
and intractable vomiting: the role of dual thiamin and corticosteroid therapy. 
Case Reports in Neurological Medicine. 2014;2014:1-5. 

51.	Wilson R, Kuncl R, Corse A. Wernicke’s encephalopathy: beyond alcoholism. 
Nat Clin Pract Neurol 2006;2(1):54-58. 

52.	Manzo G, De Gennaro A, Cozzolino A, Serino A, Fenza G, Manto A. 
MR Imaging Findings in Alcoholic and Nonalcoholic Acute Wernicke’s 
Encephalopathy: A Review. BioMed Res Int. 2014;2014:1-12. 

53.	Frank L. Thiamin in clinical practice. JPEN J Parenter Enteral Nutr. 
2015;39(5):503-520. 

54.	de Souza A. Akinetic-rigid syndrome due to extrapontine and pontine 
myelinolysis following appropriate correction of hyponatraemia. J Clin 
Neurosci. 2011;18(4):587-589. 

55.	Mann M, Degos J. Akinetic mutism in Wernicke-Korsakoff disease: a case 
report. J Neurol, Neurosurg & Psychiatry. 1988;51(4):588-590. 

56.	Tanasescu R, Dumitrescu L, Dragos C, Luca D, Oprisan A, Coclitu C, et al. 
(2012). Wernicke’s Encephalopathy, Miscellanea on Encephalopathies - A 
Second Look, Dr. Radu Tanasescu (Ed.), ISBN: 978-953-51-0558-9, InTech, 
DOI: 10.5772/27988. 

57.	http://www.eurorad.org/case.php?id=6501 

58.	Busani S, Bonvecchio C, Gaspari A, Malagoli M, Todeschini A, Cautero N, et 
al. Wernicke’s encephalopathy in a malnourished surgical patient: a difficult 
diagnosis. BMC Research Notes. 2014;7(1):718. 

59.	Veerapaneni K, Brown T, Dooley D. Combined deficiencies of vitamins B1 
and C in well-nourished patients. Primary Care Companion CNS Disord. 
2014.16(4).

60.	Jeffrey HE, McCleary BV, Hensley WJ, Read DJ. Thiamin deficiency--a 
neglected problem of infants and mothers--possible relationships to sudden 
infant death syndrome. Aust N Z J Obstet Gynaecol. 1985;25(3):198-202.

61.	Ortega R, Martínez R, Andrés P, Marín-Arias L, López-Sobaler A. Thiamin 
status during the third trimester of pregnancy and its influence on thiamin 
concentrations in transition and mature breast milk. BJN. 2004;92(01):129. 

62.	Dias F, Silva D, Doyle F, Ribeiro A. The connection between maternal thiamin 

shortcoming and offspring cognitive damage and poverty perpetuation 
in underprivileged communities across the world. Med Hypotheses. 
2013;80(1):13-16. 

63.	Sánchez D, Murphy M, Bosch-Sabater J, Fernández-Ballart J. Enzymic 
evaluation of thiamin, riboflavin and pyridoxine status of parturient mothers 
and their newborn infants in a Mediterranean area of Spain. Eur J Clin Nutr. 
1999;53(1):27-38. 

64.	Weber D, Stuetz W, Bernhard W, Franz A, Raith M, Grune T, Breusing N. 
5-Methyltetrahydrofolate and thiamin diphosphate in cord-blood erythrocytes 
of preterm versus term newborns. Eur J Clin Nutr. 2013;67(10):1029-35. 

65.	Kraft M, Btaiche I, Sacks G. Review of the Refeeding Syndrome. Nutrition in 
Clinical Practice. 2005;20(6):625-633. 

66.	Xiong, G., & Bienenfeld, D. (2015). Wernicke-Korsakoff Syndrome Treatment 
& Management: Approach Considerations, Diet and Activity, Referral and 
Follow-Up Care. Emedicine.medscape.com. 

67.	Sanderson I, Walker W. Development of the gastrointestinal tract. Hamilton, 
Ont.: B.C. Decker; 1999:127.

68.	Mayomedicallaboratories.com, (2015). TDP - Clinical: Thiamin (Vitamin B1), 
Whole Blood. 

69.	DiNicolantonio J, Niazi A, Lavie C, O’Keefe J, Ventura H. Thiamin 
supplementation for the treatment of heart failure: a review of the literature. 
Congestive Heart Fail. 2013;19(4):214-222.

70.	Combs, J. The Vitamins. Burlington: Elsevier. 2007:266,269.

71.	Butterworth RF. Maternal thiamin deficiency: still a problem in some world 
communities. Am J Clin Nutr. 2001;74(6):712-713.

72.	Sriram K, Manzanares W, Joseph K. Thiamin in nutrition therapy. Nutr Clin 
Pract. 2012;27(1):41-50. 

73.	My.clevelandclinic.org,. (2015). B-type Natriuretic Peptide (BNP) Blood Test. 
Retrieved 3 September 2015. 

74.	McCullough P, Neyou A. Comprehensive Review of the Relative Clinical 
Utility of B-Type Natriuretic Peptide and N-Terminal Pro-B-Type Natriuretic 
Peptide Assays in Cardiovascular Disease. Open Heart Failure Journal. 
2009;2(1):6-17. 

75.	Sohoni C. Usefulness of Magnetic Resonance Imaging in the Diagnosis of 
Non-Alcoholic Wernicke’s Encephalopathy. Ann Med Health Sci Res. 2014 
Jul;4(Suppl 2):S163-4.

76.	Johnson L. Thiamin - Nutritional Disorders. Merck Manuals Professional 
Edition. Retrieved 3 September 2015.

77.	Juel J, Pareek M, Langfrits C, Jensen S. Anaphylactic shock and cardiac 
arrest caused by thiamin infusion. Case Reports. 2013;2013(jul12 
1):bcr2013009648-bcr2013009648. 

78.	Martin R. Central pontine and extrapontine myelinolysis: the osmotic 
demyelination syndromes. Journal of Neurology, Neurosurgery & Psychiatry. 
2004;75(suppl_3):iii22-iii28. 

79.	Corona G, Simonetti L, Giuliani C, Sforza A, Peri A. A case of osmotic 
demyelination syndrome occurred after the correction of severe hyponatraemia 
in hyperemesis gravidarum. BMC Endocr Disord. 2014;14(1):34. 

80.	Jacob S, Gupta H, Nikolic D, Gundogdu B, Ong S. Central Pontine and 
Extrapontine Myelinolysis: The Great Masquerader—An Autopsy Case 
Report. Case Reports in Neurological Medicine. 2014;2014:1-5. 

81.	Graff-Radford J, Fugate J, Kaufmann T, Mandrekar J, Rabinstein A. Clinical 
and Radiologic Correlations of Central Pontine Myelinolysis Syndrome. Mayo 
Clinic Proceedings. 2011;86(11):1063-1067. 

82.	Kishimoto Y, Ikeda K, Murata K, Kawabe K, Hirayama T, Iwasaki Y. Rapid 
Development of Central Pontine Myelinolysis after Recovery from Wernicke 
Encephalopathy: A Non-alcoholic Case without Hyponatremia. Intern Med. 
2012;51(12):1599-1603. 

83.	Nagler E, Vanmassenhove J, van der Veer S, Nistor I, Van Biesen W, Webster 
AC, et al. Diagnosis and treatment of hyponatremia: a systematic review 
of clinical practice guidelines and consensus statements. BMC Medicine. 
2014;12(1):231. 

84.	Babar S. SIADH Associated With Ciprofloxacin. Ann Pharmacother. 
2013;47(10):1359-1363. 

http://www.ncbi.nlm.nih.gov/pubmed/24701066
http://www.ncbi.nlm.nih.gov/pubmed/24701066
http://www.ncbi.nlm.nih.gov/pubmed/24701066
http://www.ncbi.nlm.nih.gov/pubmed/22987369
http://www.ncbi.nlm.nih.gov/pubmed/22987369
http://www.ncbi.nlm.nih.gov/pubmed/22987369
http://www.ruralneuropractice.com/article.asp?issn=0976-3147;year=2013;volume=4;issue=1;spage=39;epage=41;aulast=Sutamnartpong;type=0
http://www.ruralneuropractice.com/article.asp?issn=0976-3147;year=2013;volume=4;issue=1;spage=39;epage=41;aulast=Sutamnartpong;type=0
http://www.ruralneuropractice.com/article.asp?issn=0976-3147;year=2013;volume=4;issue=1;spage=39;epage=41;aulast=Sutamnartpong;type=0
http://www.ncbi.nlm.nih.gov/pubmed/24966493
http://www.ncbi.nlm.nih.gov/pubmed/24966493
http://www.ncbi.nlm.nih.gov/pubmed/24966493
http://www.ncbi.nlm.nih.gov/pubmed/17434099
http://www.ncbi.nlm.nih.gov/pubmed/17434099
http://www.ncbi.nlm.nih.gov/pubmed/17681641
http://www.ncbi.nlm.nih.gov/pubmed/17681641
http://www.ncbi.nlm.nih.gov/pubmed/17681641
http://www.ncbi.nlm.nih.gov/pubmed/25589780
http://www.ncbi.nlm.nih.gov/pubmed/25589780
http://www.ncbi.nlm.nih.gov/pubmed/25589780
http://www.ncbi.nlm.nih.gov/pubmed/8296523
http://www.ncbi.nlm.nih.gov/pubmed/8296523
http://www.ncbi.nlm.nih.gov/pubmed/8296523
http://www.ncbi.nlm.nih.gov/pubmed/16551377
http://www.ncbi.nlm.nih.gov/pubmed/16551377
http://www.ncbi.nlm.nih.gov/pubmed/16551377
http://www.ncbi.nlm.nih.gov/pubmed/16551377
http://www.hindawi.com/journals/crinm/2014/430729/
http://www.hindawi.com/journals/crinm/2014/430729/
http://www.hindawi.com/journals/crinm/2014/430729/
http://www.hindawi.com/journals/crinm/2014/430729/
http://www.ncbi.nlm.nih.gov/pubmed/16932521
http://www.ncbi.nlm.nih.gov/pubmed/16932521
http://www.ncbi.nlm.nih.gov/pubmed/25050351
http://www.ncbi.nlm.nih.gov/pubmed/25050351
http://www.ncbi.nlm.nih.gov/pubmed/25050351
http://www.ncbi.nlm.nih.gov/pubmed/25564426
http://www.ncbi.nlm.nih.gov/pubmed/25564426
http://www.ncbi.nlm.nih.gov/pubmed/21273078
http://www.ncbi.nlm.nih.gov/pubmed/21273078
http://www.ncbi.nlm.nih.gov/pubmed/21273078
http://www.ncbi.nlm.nih.gov/pubmed/3379437
http://www.ncbi.nlm.nih.gov/pubmed/3379437
http://www.intechopen.com/books/miscellanea-on-encephalopathies-a-second-look/wernicke-s-encephalopathy
http://www.intechopen.com/books/miscellanea-on-encephalopathies-a-second-look/wernicke-s-encephalopathy
http://www.intechopen.com/books/miscellanea-on-encephalopathies-a-second-look/wernicke-s-encephalopathy
http://www.intechopen.com/books/miscellanea-on-encephalopathies-a-second-look/wernicke-s-encephalopathy
http://www.eurorad.org/case.php?id=6501
http://www.ncbi.nlm.nih.gov/pubmed/25312751
http://www.ncbi.nlm.nih.gov/pubmed/25312751
http://www.ncbi.nlm.nih.gov/pubmed/25312751
http://www.ncbi.nlm.nih.gov/pubmed/25664204
http://www.ncbi.nlm.nih.gov/pubmed/25664204
http://www.ncbi.nlm.nih.gov/pubmed/25664204
http://www.ncbi.nlm.nih.gov/pubmed/3866557
http://www.ncbi.nlm.nih.gov/pubmed/3866557
http://www.ncbi.nlm.nih.gov/pubmed/3866557
http://www.ncbi.nlm.nih.gov/pubmed/15230996
http://www.ncbi.nlm.nih.gov/pubmed/15230996
http://www.ncbi.nlm.nih.gov/pubmed/15230996
http://www.ncbi.nlm.nih.gov/pubmed/23098375
http://www.ncbi.nlm.nih.gov/pubmed/23098375
http://www.ncbi.nlm.nih.gov/pubmed/23098375
http://www.ncbi.nlm.nih.gov/pubmed/23098375
http://www.ncbi.nlm.nih.gov/pubmed/10048797
http://www.ncbi.nlm.nih.gov/pubmed/10048797
http://www.ncbi.nlm.nih.gov/pubmed/10048797
http://www.ncbi.nlm.nih.gov/pubmed/10048797
http://www.ncbi.nlm.nih.gov/pubmed/24002042
http://www.ncbi.nlm.nih.gov/pubmed/24002042
http://www.ncbi.nlm.nih.gov/pubmed/24002042
http://www.ncbi.nlm.nih.gov/pubmed/16306300
http://www.ncbi.nlm.nih.gov/pubmed/16306300
http://www.ncbi.nlm.nih.gov/pubmed/23910704
http://www.ncbi.nlm.nih.gov/pubmed/23910704
http://www.ncbi.nlm.nih.gov/pubmed/23910704
http://www.ncbi.nlm.nih.gov/pubmed/11722950
http://www.ncbi.nlm.nih.gov/pubmed/11722950
http://www.ncbi.nlm.nih.gov/pubmed/22223666
http://www.ncbi.nlm.nih.gov/pubmed/22223666
http://my.clevelandclinic.org/services/heart/diagnostics-testing/laboratory-tests/b-type-natriuretic-peptide-bnp-bloodtest
http://my.clevelandclinic.org/services/heart/diagnostics-testing/laboratory-tests/b-type-natriuretic-peptide-bnp-bloodtest
http://benthamopen.com/ABSTRACT/TOHFJ-2-6
http://benthamopen.com/ABSTRACT/TOHFJ-2-6
http://benthamopen.com/ABSTRACT/TOHFJ-2-6
http://benthamopen.com/ABSTRACT/TOHFJ-2-6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4145519/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4145519/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4145519/
http://www.merckmanuals.com/professional/nutritional_disorders/vitamin_deficiency_dependency_and_toxicity/thiamin.html
http://www.merckmanuals.com/professional/nutritional_disorders/vitamin_deficiency_dependency_and_toxicity/thiamin.html
http://casereports.bmj.com/content/2013/bcr-2013-009648.abstract
http://casereports.bmj.com/content/2013/bcr-2013-009648.abstract
http://casereports.bmj.com/content/2013/bcr-2013-009648.abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765665/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765665/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765665/
http://www.ncbi.nlm.nih.gov/pubmed/24725751
http://www.ncbi.nlm.nih.gov/pubmed/24725751
http://www.ncbi.nlm.nih.gov/pubmed/24725751
http://www.hindawi.com/journals/crinm/2014/745347/
http://www.hindawi.com/journals/crinm/2014/745347/
http://www.hindawi.com/journals/crinm/2014/745347/
http://www.ncbi.nlm.nih.gov/pubmed/21997578
http://www.ncbi.nlm.nih.gov/pubmed/21997578
http://www.ncbi.nlm.nih.gov/pubmed/21997578
http://www.ncbi.nlm.nih.gov/pubmed/22728498
http://www.ncbi.nlm.nih.gov/pubmed/22728498
http://www.ncbi.nlm.nih.gov/pubmed/22728498
http://www.ncbi.nlm.nih.gov/pubmed/22728498
http://www.ncbi.nlm.nih.gov/pubmed/25539784
http://www.ncbi.nlm.nih.gov/pubmed/25539784
http://www.ncbi.nlm.nih.gov/pubmed/25539784
http://www.ncbi.nlm.nih.gov/pubmed/25539784
http://www.ncbi.nlm.nih.gov/pubmed/24259701
http://www.ncbi.nlm.nih.gov/pubmed/24259701


Citation: MacGibbon KW, Fejzo, MS, Mullin PM (2015). Mortality Secondary to Hyperemesis Gravidarum: A Case Report

Page 7 of 7

www.scientonline.org Womens Health GynecolVolume 1 • Issue 2 • 011

85.	Patel S, Parish D, Patel R, Grimsley E. Resolution of MRI findings in 
Central Pontine Myelinosis associated with hypokalemia. Am J Med Sci. 
2007;334(6):490-492. 

86.	Sohn, M, Nam J. Locked-in Syndrome due to Central Pontine Myelinolysis: 
case report. Ann Rehabil Med. 2014;38(5):702. 

87.	Renard D, Castelnovo G, Campello C, Bouly S, Le Floch A, Thouvenot E, et 
al. Thalamic lesions: a radiological review. Behav Neurol. 2014;2014:1-17. 

88.	de Morais B, Carneiro F, Araújo R, Araújo G, de Oliveira RB. Central Pontine 
Myelinolysis after liver transplantation: is sodium the only villain? Case report. 
Rev Bras Anesthesiol. 2009;59(3):344-349. 

89.	Greer I, Walters B, Nelson-Piercy C. Maternal medicine: Medical Problems in 
Pregnancy. Edinburgh: Elsevier/Churchill Livingstone. 2007:174.

90.	Katz M, O’Toole J. 107_Sepsis: Module 04. Atrainceu.com. Retrieved 3 April 
2015. 

91.	Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ 
(Eds.) on behalf of MBRRACE- UK. Saving Lives, Improving Mothers’ Care 
- Lessons learned to inform future maternity care from the UK and Ireland 
Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: 
National Perinatal Epidemiology Unit, University of Oxford 2014.

92.	Zara G, Codemo V, Palmieri A, Schiff S, Cagnin A, Citton V, et al. Neurological 
complications in hyperemesis gravidarum. Neurological Sciences. 
2011;33(1):133-135. 

93.	Olindo S, Smadja D, Cabre P, Mehdaoui H, Heinzlef O. [Gayet-Wernicke 
encephalopathy and centropontine myelionolysis induced by hyperemesis 
gravidarum]. Rev Neurol (Paris). 1997;153(6-7):427-9.

94.	Fraser D. Central pontine myelinolysis as a result of treatment of hyperemesis 
gravidarum. Case report. Br J Obstet Gynaecol. 1988;95(6):621-623. 

95.	Thompson P, Gledhill R, Quinn N, Rossor M, Stanley P, Coomes E. 
Neurological complications associated with parenteral treatment: 
central pontine myelinolysis and Wernicke’s encephalopathy. BMJ. 
1986;292(6521):684-685. 

96.	Bergin P, Harvey P. Wernicke’s encephalopathy and central pontine 
myelinolysis associated with hyperemesis gravidarum. BMJ. 
1992;305(6852):517-518.

97.	Basso O, Olsen J. Sex ratio and twinning in women with hyperemesis or pre-
eclampsia. Epidemiology. 2001;12(6):747-749. 

98.	Vikanes Å, Skjærven R, Grjibovski A, Gunnes N, Vangen S, Magnus P. 
Recurrence of Hyperemesis Gravidarum across generations: population-
based cohort study. Obstetrical & Gynecological Survey. 2010;65(9):549-550. 

99.	Zhang Y, Cantor R, MacGibbon K, Romero R, Goodwin T, Mullin PM, et al. 
Familial aggregation of hyperemesis gravidarum. Am J Obstet Gynecol. 
2011;204(3):230.e1-230.e7. 

100.	Fejzo M, MacGibbon K, Romero R, Goodwin T, Mullin P. Recurrence risk of 
hyperemesis gravidarum. BJOG. 2011;56(2):132-136. 

101.	Ferrie S. Case report of acute thiamin deficiency occurring as a complication 
of vitamin-free parenteral nutrition. Nutr Clin Pract. 2012;27(1):65-68. 

102.	Schabelman E, Kuo D. Glucose before thiamin for Wernicke encephalopathy: 
a literature review. J Emerg Med. 2012;42(4):488-494. 

103.	Hack J. Thiamin before glucose to prevent Wernicke encephalopathy: 
examining the conventional wisdom. JAMA. 1998;279(8):583-584. 

104.	Nozaki S, Mizuma H, Tanaka M et al. Thiamin tetrahydrofurfuryl disulfide 
improves energy metabolism and physical performance during physical-
fatigue loading in rats. Nutr Res. 2009;29(12):867-872. 

105.	Lonsdale D. Hypothesis and case reports: possible thiamin deficiency. J Am 
Coll Nutr. 1990;9(1):13-17. 

106.	Thomson AD, Marshall EJ. The treatment of patients at risk of developing 
Wernicke’s encephalopathy in the Community. Alcohol Alcohol. 2006;41:159-
167.

107.	Stanga Z, Brunner A, Leuenberger M, Grimble RF, Shenkin A, Allison SP, 
et al. Nutrition in clinical practice—the refeeding syndrome: illustrative 
cases and guidelines for prevention and treatment. Eur J Clini Nutr. 
2008;62(6):687-694.

108.	Shigemi D, Nakanishi K, Miyazaki M, Shibata Y, Suzuki S. A Case of Maternal 
Vitamin K Deficiency Associated with Hyperemesis Gravidarum: Its Potential 
Impact on Fetal Blood Coagulability. J Nippon Med Sch. 2015;82(1):54-58. 

109.	Erick M. Hyperemesis gravidarum: A case of starvation and altered 
sensorium gestosis (ASG). Med Hypotheses. 2014;82(5):572-580. 

110.	Hovdenak N, Haram K. Influence of mineral and vitamin supplements on 
pregnancy outcome. Eur J Obstet & Gynecol Reprod Biol. 2012;164(2):127-
132. 

111.	Suter P, Vetter W. Diuretics and Vitamin B: Are diuretics a risk factor for 
thiamin malnutrition? Nutr Rev. 2000;58(10):319-323. 

112.	ACOG (American College of Obstetrics and Gynecology) Practice Bulletin: 
nausea and vomiting of pregnancy. Obstet Gynecol. 2004 Apr;103(4):803-14.

113.	Galvin R, Bråthen G, Ivashynka A, Hillbom M, Tanasescu R, Leone M. 
EFNS guidelines for diagnosis, therapy and prevention of Wernicke 
encephalopathy. Eur J Neurol. 2010;17(12):1408-1418. 

114.	Delavar Kasmaei H, Baratloo A, Soleymani M, Nasiri Z. Imaging-based 
diagnosis of Wernicke encephalopathy: a case report. Trauma Mon. 
2014;19(3). 

115.	Touger-Decker, R., Mobley, C., & Epstein, J. Nutrition and Oral Medicine. 
New York, NY: Springer. 2014:85.

Copyright: © 2015 MacGibbon KW, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

http://www.ncbi.nlm.nih.gov/pubmed/18091372
http://www.ncbi.nlm.nih.gov/pubmed/18091372
http://www.ncbi.nlm.nih.gov/pubmed/18091372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221401/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221401/
http://www.ncbi.nlm.nih.gov/pubmed/25100900
http://www.ncbi.nlm.nih.gov/pubmed/25100900
http://www.ncbi.nlm.nih.gov/pubmed/19488548
http://www.ncbi.nlm.nih.gov/pubmed/19488548
http://www.ncbi.nlm.nih.gov/pubmed/19488548
https://www.atrainceu.com/course-module/1884975-107_sepsis-module-04
https://www.atrainceu.com/course-module/1884975-107_sepsis-module-04
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/21720901
http://www.ncbi.nlm.nih.gov/pubmed/9684011
http://www.ncbi.nlm.nih.gov/pubmed/9684011
http://www.ncbi.nlm.nih.gov/pubmed/9684011
http://www.ncbi.nlm.nih.gov/pubmed/3390405
http://www.ncbi.nlm.nih.gov/pubmed/3390405
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339661/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339661/
http://www.ncbi.nlm.nih.gov/pubmed/1393001
http://www.ncbi.nlm.nih.gov/pubmed/1393001
http://www.ncbi.nlm.nih.gov/pubmed/1393001
http://www.ncbi.nlm.nih.gov/pubmed/11679806
http://www.ncbi.nlm.nih.gov/pubmed/11679806
http://www.bmj.com/content/340/bmj.c2050
http://www.bmj.com/content/340/bmj.c2050
http://www.bmj.com/content/340/bmj.c2050
http://www.ncbi.nlm.nih.gov/pubmed/20974461
http://www.ncbi.nlm.nih.gov/pubmed/20974461
http://www.ncbi.nlm.nih.gov/pubmed/20974461
http://www.ncbi.nlm.nih.gov/pubmed/16305568
http://www.ncbi.nlm.nih.gov/pubmed/16305568
http://www.ncbi.nlm.nih.gov/pubmed/22227728
http://www.ncbi.nlm.nih.gov/pubmed/22227728
http://www.ncbi.nlm.nih.gov/pubmed/22104258
http://www.ncbi.nlm.nih.gov/pubmed/22104258
http://www.ncbi.nlm.nih.gov/pubmed/9486750
http://www.ncbi.nlm.nih.gov/pubmed/9486750
http://www.ncbi.nlm.nih.gov/pubmed/19963160
http://www.ncbi.nlm.nih.gov/pubmed/19963160
http://www.ncbi.nlm.nih.gov/pubmed/19963160
http://www.ncbi.nlm.nih.gov/pubmed/2307803
http://www.ncbi.nlm.nih.gov/pubmed/2307803
http://www.ncbi.nlm.nih.gov/pubmed/16384870
http://www.ncbi.nlm.nih.gov/pubmed/16384870
http://www.ncbi.nlm.nih.gov/pubmed/16384870
http://www.ncbi.nlm.nih.gov/pubmed/17700652
http://www.ncbi.nlm.nih.gov/pubmed/17700652
http://www.ncbi.nlm.nih.gov/pubmed/17700652
http://www.ncbi.nlm.nih.gov/pubmed/17700652
http://www.ncbi.nlm.nih.gov/pubmed/25797877
http://www.ncbi.nlm.nih.gov/pubmed/25797877
http://www.ncbi.nlm.nih.gov/pubmed/25797877
http://www.ncbi.nlm.nih.gov/pubmed/24613734
http://www.ncbi.nlm.nih.gov/pubmed/24613734
http://www.ncbi.nlm.nih.gov/pubmed/22771225
http://www.ncbi.nlm.nih.gov/pubmed/22771225
http://www.ncbi.nlm.nih.gov/pubmed/22771225
http://www.ncbi.nlm.nih.gov/pubmed/11127971
http://www.ncbi.nlm.nih.gov/pubmed/11127971
http://www.ncbi.nlm.nih.gov/pubmed/20642790
http://www.ncbi.nlm.nih.gov/pubmed/20642790
http://www.ncbi.nlm.nih.gov/pubmed/20642790
http://www.ncbi.nlm.nih.gov/pubmed/25717447
http://www.ncbi.nlm.nih.gov/pubmed/25717447
http://www.ncbi.nlm.nih.gov/pubmed/25717447

	Title
	Corresponding author
	Abstract 
	Introduction
	Wernicke’s Encephalopathy 
	Thiamin
	Osmotic Demyelination Syndrome (ODS) 
	Case
	Discussion
	Recommendations 
	Education
	Conflict of Interest 
	Table 1
	Table 2
	References

