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Summary 
Introduction: Anorexia nervosa (AN) is a severe chronic psychiatric 
disorder with often underestimated prevalence. Patients suffering 
from anorexia nervosa can die from natural causes, such as severe 
heart problems, organ failure, or malnutrition, as well as from unnat-
ural causes, such as suicide. However, the mechanism of death in an-
orexia nervosa is poorly understood.
Patient review: Our paper describes a case of sudden death in a 
22-year-old woman suffering from anorexia nervosa. The autopsy 
showed severe malnutrition. Upon opening the abdominal cavity, 
extremely dilated stomach (without signs of wall necrosis or rupture) 
was noted. Biochemical findings showed that the vitreous chloride, 
sodium and potassium levels were markedly low, suggesting ante-
mortem significant hypokalemia. There were no biochemical signs 
of severe hypoglycemia and dehydration. As cardiac disease is a 
significant cause of death in AN, aggravation caused by concurrent 
biochemical derangement must be taken into account. It is possible 
that gastric dilatation has a role in the occurrence of death, but this 
remains questionable. 
Conclusion: In this case, the possible mechanism of death could have 
been a disruption of heart rhythm in an arrhythmogenic state due to an 
electrolyte imbalance or vagal activation related to gastric dilatation.
Key words: anorexia nervosa, gastric dilatation, arrhythmia, sudden 
death, autopsy
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INTRODUCTION

Anorexia nervosa (AN) is a severe chronic psychiatric 
disorder with often underestimated prevalence. The 
mortality rate of the patients suffering from AN from all 
causes of death is higher than that of the general popu-
lation (1).

AN patients can die from natural causes, such as se-
vere heart problems, organ failure, or malnutrition, as 
well as from unnatural causes, such as suicide. However, 
mechanism of death in AN is poorly understood (2, 3). 
Many patients with AN struggle with various digestive 
symptoms. In this case, we noticed gastric dilatation in 
autopsy. Since the first description of acute gastric dila-
tation in 1833, there has been an ample amount of cas-
es documented in literature (4). Generally, the cause of 
gastric dilatation is difficult to pinpoint (5). This condi-
tion may be the result of mechanical and/or neurogenic 
factors and may appear in individuals with physical and 
mental impairment (AN). In addition to eating disorders, 
gastric dilatation has been reported to result from superi-
or mesenteric artery syndrome, volvulus of hiatal herni-
as, trauma resuscitation, medications, air swallowing due 
to neuromuscular incoordination, diabetes mellitus, and 
other conditions (3,6,7,8,).

In this paper, we shall present a case of a young an-
orectic woman who died suddenly and discuss possible 
mechanisms of death.

CASE REPORT

A 22-year-old female was found dead in her bedroom bed. 
According to heteroanamnestic data, she had suffered 
from anorexia nervosa for five years. That day, accord-
ing to her mother’s statement, she had a meal for the first 
time in two days. She rapidly consumed porridge (ap-
proximately 400 ml) and one apple and she drank about 
600 ml of tea. A few minutes later (without history of any 
symptoms) the woman lost consciousness and died. The 
autopsy was performed two days later.

The deceased was extremely underweight – she 
weighed only 23 kg and was 161 cm tall (BMI 8.9 kg/m2) 
(Figure 1). There were no signs of external or internal 
injuries. The abdomen was not distended. Upon open-
ing the abdominal cavity, extremely dilated stomach was 
noted (Figure 2). It completely filled the abdominal and 
partially the pelvic cavity (extending from the xiphoid 
to the bladder). Its vertical diameter was around 40 cm, 
while its horizontal diameter amounted to around 30 cm. 
When the stomach was opened, it revealed around 1.2 l of 
undigested content. The gastric wall was of usual color, 
without necrosis. The gallbladder was highly distended. 
The intestines contained a small amount of semisolid fe-
cal content. There were no obstructions, ascites, perito-
nitis or depositions of fibrin in the digestive tract. The di-
aphragm was not elevated. All organs were small in size, 
yet without obvious signs of dehydration.

Figure 1. The patient’s body was poorly nourished with body mass of only 21 kg (BMI 8,6 kg/m2).
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Toxicological testing was negative for alcohol and 
drugs. Biochemical findings showed vitreous chloride, 
sodium and potassium in the following concentrations: 
78 mmol/l, 116 mmol/l and 9.86 mmol/l, respectively. 
The vitreous glucose, and urea levels were 4.1 mmol/l 
and 28 mmol/l, respectively; no ketones were found.

Finally, the underlying cause of death was AN, and 
the possible mechanism of death could have been a dis-
ruption of heart rhythm due to an electrolyte imbalance 
or vagal activation related to gastric dilatation.

DISCUSSION

Long-term complications of AN include cardiovascu-
lar, gastrointestinal, endocrinological, hematological, 
psychiatric, fertility and pregnancy disorders (9). Rec-
ognized cardiovascular complications in these patients 
include numerous structural, hemodynamic, conduc-
tion, repolarization and peripheral vascular changes (9). 
Although ischemic heart disease and acute coronary syn-
drome are sparsely described in AN patients, definitive 
data in support of an increased risk of atherosclerotic vas-
cular disease in anorexia nervosa population are lacking. 
Literature does suggest that anorexia nervosa could be 
associated with sudden death (8, 11). As precise etiolo-
gy behind the increased risk of sudden cardiac death in 
anorexia nervosa remains unclear, the prolongation of 
the QT interval has been suggested as a potential cause 
because of its well-known association with torsade de 
pointes (12, 13). However, more recently it has been re-
ported that anorexia nervosa might not be inherently as-
sociated with QT prolongation; rather, when it is present 
on electrocardiography, it should point towards second-
ary causes, such as electrolyte aberrations (hypokalemia, 
hypomagnesemia), or medications known to prolong the 
QT interval (9). Therefore, cardiac disease is a significant 
cause of death in AN, aggravated by concurrent biochem-
ical derangement due to poor food intake and/or purging. 
That being said, arrhythmogenic complications due to 
severe hypokalemia that was proven in this case cannot 
be excluded and, may have, indeed, played a significant 
role in causing the young woman’s death. Furthermore, 

autonomic dysfunction in AN has been in the focus of 
numerous studies. Some researchers showed that the car-
diac vagal tone was higher in AN patients compared to 
the healthy control group (14). However, autonomic dys-
function and heart rhythm disorders cannot be proven in 
a postmortem examination.

In case of starvation, the immediate cause of death 
could be dehydration. Hypoglycemic coma is also re-
ported in literature as one of the immediate causes of 
death (15). The vitreous levels of sodium, chloride and 
potassium, glucose level and ketones were measured and, 
even though it is well-known that the concentrations of 
many natural chemical substances in the corpse are rap-
idly distorted by postmortem autolysis (16), certain post-
mortem values of electrolytes might be indicative of their 
antemortem levels. The concentrations of sodium and 
chloride decrease after death, while the potassium level 
rises. Elevated vitreous levels of chloride (>135 mmol/l) 
and sodium (>155mmol/l) are indicative of antemortem 
dehydration, which is not the case in this paper. The level 
of potassium was low, even for a 2-day postmortem pe-
riod, suggesting antemortem hypokalemia that, as we 
have previously stated, could have been the cause of ar-
rhythmia. Vitreous glucose level was 4.1 mmol/l, while 
the analysis showed no ketones. In relation to hypogly-
cemia, vitreous glucose level below 1.4 mmol/l was taken 
by Sturner et all. to be an indication of low antemortem 
glucose level (16). 

Anemia, leukopenia and thrombocytopenia are com-
mon findings in AN patients. In those patients, the diag-
nosis of infection could be delayed due to the absence of 
inf lammatory and febrile response. In our case, we did 
not find any signs of infection (17).

In this case, the finding of gastric dilatation was very 
interesting. Acute gastric dilatation is recognized and de-
scribed as gastrointestinal complication of AN (8). The 
symptoms of gastric dilatation can be vague, patients 
often present with emesis and gradual abdominal disten-
tion with pain, but in this case there were no data about 
prominent gastrointestinal symptomatology.

Acute gastric dilatation is defined as a condition in 
which the gastric wall rapidly loses its tension, and the 
gastric lumen is filled with gas and secretions, leading to 
rapid distention in the absence of structural obstruction 
in the stomach and/or duodenum (18). In the presented 
case, there was no structural obstruction in the stomach 
and/or duodenum. Literature describes deaths related to 
severe stomach dilatation followed by wall necrosis. In the 
described cases, high intragastric pressure overwhelms 
gastric venous pressure, producing ischemia, necrosis and 
finally the perforation of the gastric wall (8,11). In the pre-
sented case, there were no such complications. Fatalities 
following acute gastric dilatation without wall necrosis 
and rupture are rarely described and discussed, which 
is why the question is raised about the cause of death in 
those cases. Acute gastric dilatation accompanied by in-

Figure 2. Abnormally distended stomach.
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creased intra-abdominal pressure and compression of the 
inferior vena cava may result in the congestion of bilateral 
lower limbs. In the case reported by Sincina, the inferior 
vena cava was compressed between dilated duodenum 
and vertebral bodies (19). Overextension of the gastric 
wall could induce peritoneal stimulation and vasovagal 
ref lex, contributing to neurogenic shock (11, 19, 20). This 
is an example of distributive shock resulting from im-
balance of sympathetic and parasympathetic regulation 
of vascular smooth muscles and heart rate. Also, acute 
gastric distension accompanied with increased intra-ab-
dominal pressure could lead to diaphragmatic elevation 
and consequent limitation of respiratory movement. 
Space-restrictive disturbances in the thoracic cavity may 
also lead to the fatal outcome (6, 21). Therefore, all of the 
above suggests that acute gastric dilatation could be con-
sidered the cause of sudden death. However, the patient 
presented in this paper did not have any of the previously 
described complications. The role of gastric dilatation in 
the occurrence of death remains questionable.

The cause and mode of death in the presented case 
can be discussed. The absence of peritoneal irritation, 
ischemia and necrosis of the stomach wall, as well as fi-
brin deposits associated with liquid blood, suggest rapid 
death. It is possible that the previous heavy cachexia con-
tributed to faster death; therefore, “there was not enough 
time” for the development of intestine necrosis and sub-
sequent perforation and peritonitis.
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CONCLUSION

Finally, even though abnormalities in the heart rhythm 
cannot be proven postmortem, arrhythmogenic state 
caused by hypokalemia, could be considered as the mech-
anism of death in the presented case. Although the role 
of gastric dilatation in this case remains unclear, it could 
theoretically contribute to the occurrence of death. This 
possibility should be considered when determining the 
cause and manner of death in similar cases in the future.

Ethical approval

This article does not include any studies involving hu-
man participants or animals conducted by the authors.

Author contributions

All authors have evenly contributed to the conception of 
the work, interpretation of data and preparing the draft of 
the manuscript or interpretation of revised version of the 
manuscript.

REFERENCES
1. Meczekalski B, Podfigurna-Stopa A, Katulski K. Long-term conse-

quences of anorexia nervosa. Maturitas. 2013 Jul;75(3):215-20. doi: 
10.1016/j.maturitas.2013.04.014. PMID: 23706279.

2. Derman T, Szabo CP. Why do individuals with anorexia die? A case 
of sudden death. Int J Eat Disord. 2006 Apr;39(3):260-2. doi: 10.1002/
eat.20229. PMID: 16485270.

3. Norris ML, Harrison ME, Isserlin L, Robinson A, Feder S, Sampson 
M. Gastrointestinal complications associated with anorexia nervo-
sa: A systematic review. Int J Eat Disord. 2016 Mar;49(3):216-37. doi: 
10.1002/eat.22462. PMID: 26407541.

4. Byard RW, Couper RT, Cohle S. Gastric distension, cerebral palsy 
and unexpected death. J Clin Forensic Med. 2001 Jun;8(2):81-5. doi: 
10.1054/jcfm.2001.0478. PMID: 16083676.

5. Omond KJ, Byard RW. Lethal mechanisms in gastric volvulus. 
Med Sci Law. 2017 Jan;57(1):39-41. doi: 10.1177/0025802416689764. 
PMID: 28094603.

6. Steen S, Lamont J, Petrey L. Acute gastric dilation and ischemia 
secondary to small bowel obstruction. Proc (Bayl Univ Med Cent). 
2008 Jan;21(1):15-7. doi: 10.1080/08998280.2008.11928348. PMID: 
18209748; PMCID: PMC2190544.

7. Liu TH, Mehall JR, Mercer DW. Image of the month. Acute gastric 
dilation with necrosis. Arch Surg. 2001 Dec;136(12):1437-8. doi: 
10.1001/archsurg.136.12.1437. PMID: 11735876.

8. Todd SR, Marshall GT, Tyroch AH. Acute gastric dilatation revisited. 
Am Surg. 2000 Aug;66(8):709-10. PMID: 10966022.

9. Sachs KV, Harnke B, Mehler PS, Krantz MJ. Cardiovascular com-
plications of anorexia nervosa: A systematic review. Int J Eat Disord. 
2016 Mar;49(3):238-48. doi: 10.1002/eat.22481. PMID: 26710932.

10. Bohnert M. Death as a Result of Starvation: Diagnostic Criteria. In: 
Tsokos M, editor. Forensic pathology reviews, Vol. 2. Totowa, NJ: 
Humana Press, 2005;3–27.

11. Watanabe S, Terazawa K, Asari M, Matsubara K, Shiono H, Shimizu 
K. An autopsy case of sudden death due to acute gastric dilatation 
without rupture. Forensic Sci Int. 2008 Sep 18;180(2-3):e6-e10. doi: 
10.1016/j.forsciint.2008.07.005. PMID: 18757145.

12. Neumärker KJ. Mortality and sudden death in anorexia nervosa. 
Int J Eat Disord. 1997 Apr;21(3):205-12. doi: 10.1002/(sici)1098-
108x(199704)21:3<205::aid-eat1>3.0.co;2-o. PMID: 9097194.

13. Isager T, Brinch M, Kreiner S, Tolstrup K. Death and relapse in 
anorexia nervosa: survival analysis of 151 cases. J Psychiatr Res. 
1985;19(2-3):515-21. doi: 10.1016/0022-3956(85)90061-5. PMID: 
4045762.

14. Kollai M, Bonyhay I, Jokkel G, Szonyi L. Cardiac vagal hyperactivity 
in adolescent anorexia nervosa. Eur Heart J. 1994 Aug;15(8):1113-8. 
doi: 10.1093/oxfordjournals.eurheartj.a060636. PMID: 7988604.

15. Isner JM, Roberts WC, Heymsfield SB, Yager J. Anorexia nervo-
sa and sudden death. Ann Intern Med. 1985 Jan;102(1):49-52. doi: 
10.7326/0003-4819-102-1-49. PMID: 3966745.

16. Saukko P, Knight B. Knight’s forensic pathology. 3rd ed.Oxford: Ox-
ford University Press; 2004.

17. Westmoreland P, Krantz MJ, Mehler PS. Medical Complications of 
Anorexia Nervosa and Bulimia. Am J Med. 2016 Jan;129(1):30-7. doi: 
10.1016/j.amjmed.2015.06.031. PMID: 26169883.

18. Murakami C, Irie W, Sasaki C, Nakamaru N, Sakamoto M, Naga-
to J, Satoh F. Extensive gastric necrosis secondary to acute gastric 
dilatation: A case report. Leg Med (Tokyo). 2019 Feb;36:85-88. doi: 
10.1016/j.legalmed.2018.11.007. PMID: 30448603.



| 171

Sudden death in anorexia nervosa: exploring the mechanism of death

19. Sinicina I, Pankratz H, Büttner A, Mall G. Death due to neuro-
genic shock following gastric rupture in an anorexia nervosa pa-
tient. Forensic Sci Int. 2005 Dec 1;155(1):7-12. doi: 10.1016/j.forsci-
int.2004.10.021. PMID: 16216705.

20. Hmouda H, Jemni L, Jeridi G, Ernez-Hajri S, Ammar H. Unusual 
presentation of gastric dilatation. Dramatic complete atrioventricu-

lar block. Chest. 1994 Aug;106(2):634-6. doi: 10.1378/chest.106.2.634. 
PMID: 7774359.

21. Nakao A, Isozaki H, Iwagaki H, Kanagawa T, Takakura N, Tanaka 
N. Gastric perforation caused by a bulimic attack in an anorexia 
nervosa patient: report of a case. Surg Today. 2000;30(5):435-7. doi: 
10.1007/s005950050618. PMID: 10819480.

NAPRASNA SMRT U SLUČAJU ANOREKSIJE NERVOZE: RAZMATRANJE 
MEHANIZAMA UMIRANJA 
Bogdanović Milenko1, Popović Vesna1, Atanasijević Tatjana1, Radnić Bojana1, Petrović Tijana1, Milošević Veljko1

Sažetak

Uvod: Anoreksija nervoza je teško hronično psihijatrij-
sko oboljenje čija tačna učestalost nije poznata. Pacijen-
ti sa anoreksijom nervozom mogu umreti od prirodnih 
uzroka smrti, poput kardiovaskularnih bolesti, popušta-
nja organa, pothranjenosti, ili usled nasilnih uzroka smr-
ti, kao što je samoubistvo. U svakom slučaju, mehanizam 
umiranja kod anoreksije nervoze nije do kraja istražen.

Prikaz slučaja: Opisujemo slučaj iznenadne smrti mla-
de žene stare 22 godine koja je bolovala od anoreksije 
nervoze. Na obdukciji je pokazana teška pothranjenost. 
Neposredno po otvaranju trbušne duplje uočeno je da 
je želudac izrazito dilatiran (bez postojanja znakova ne-
kroze ili rupture). Biohemijskom analizom uzorka tečno-
sti staklastog tela pokazano je da su vrednosti hlorida, 
natrijuma i kalijuma izrazito niske, ukazujući na značajnu 

antemortalnu hipokalijemiju. Biohemijski nisu pokazani 
znaci ozbiljnije hipoglikemije i dehidratacije. Imajući u 
vidu da su kardiovaskularne bolesti značajan uzrok smrti 
kod osoba sa anoreksijom nervozom, pogoršanje kardi-
ovaskularne bolesti je moglo biti izazvano poremećajem 
elektrolita što se mora uzeti u razmatranje. Potencijalno 
je moguć uticaj dilatacije želuca na pogoršanje kardio-
vaskularne bolesti i smrtni ishod i kao takvog ga treba 
uzeti u razmatranje, ali ovo ostaje nejasno. 

Zaključak: Mogući mehanizam umiranja u ovom sluča-
ju bi mogao biti poremećaj srčanog ritma nastao usled 
proaritmogenog stanja izazvanog poremećajem elek-
trolita ili usled vagalne aktivacije izazvane dilatiranim 
želucem.

Ključne reči: anoreksija nervoza, dilatacija želuca, aritmija, iznenadna smrt, obdukcija
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