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Pesome

['MnepocMonspHoe runeprimKeMmMyeckoe COCTOAHME ABNAETCA OCTPbIM OC/IOMHEHVEM caxapHOro AvabeTa, 1eTabHOCTb NpY KOTOpoM gocTuraeT 50 %.
OAHa n3 I'IpM‘-II/IH He6naronpvaHoro ncxoga — HeCBOEBpeMeHHaﬂ ANArHoCTUKa, KOTOpaFI Hepeﬂ,KO o6ycnosneHa Heﬂ,OCTaTO‘-IHOVI 0CBe4OM/IEHHOCTbHO
Bpaqeﬁ B OTHOLWEHUn 0C06EHHOCTEVI KIMTHUYECKUX N na6opaToprlx I'IPOFIBHeHVIVI AAHHOIro AMaGeTW-IeCKOFO OC/I0OXKHeHUA. rVII'IePOCMOnFIPHOG COCTO-
fHMe yYallie pa3BMBaeTCA Yy MaLMEHTOB CTapLUero Bo3pacta C NOAMMOPOUAHOCTBIO, @ B KIMHUYECKONM KapTUHe nNpeobaajatoT HeBPOIOrMyeckme CMM-
MTOMBbI, YTO TaKX¥e BHOCUT C/IOXKHOCTU B AVIaFHOCTVIKy N CTAaHOBUTCA I'IpVI‘-WIHOl‘/'I ANAarHoCTU4YeCKnx 3a6ny>+(,a,eHvu7|. B cTtaTbe I'IPeACTaBneH KANHNYECKNIA
cnyqaﬁ rVII'IepOCMOIlFIPHOI'O I'VIFIePI'I'IVIKEMVI“IeCKOI'O COCTOAHUA, ANArHOCTUKa KOTOPOFO BbI3Ba/ia TPy,qHOCTVI Ha BCeX 3Tanax, BKAKO4Yas rIOCMepTHOE
naTto/sioroaHaToMn4yecKoe nccaegoBsaHue. I'IepBOHaqaano npep,nonaranocn> OCTPOG Hapymem/le MO3roBoro Kposoo6pau.|,eva, 3aTeM TAXKenoe COCTo-
AHME NalMNeHTKN CBA3aAn C OCTPbIM VIH¢aPKTOM MVIOKapAa, ano peayanaTaM naTo/1I0roaHaToOMMNYeCKoro nccnegoBaHusA 6bll'|0 CAeNaHOo 3aK/lIln4YeHue
O cerncuce U CcenTU4YeCKOM LLUOKe. Pel.teH3MPOBaHIAe IACTOPIAM 60ﬂe3HM naunMeHTKM noKasaso, 4To Ham6onee BePOFITHbIM ANArHosomMm 6b|l10 rmnepomo—
HHPHOE COCTOAHME BC/IeACTBME AeKoMMNeHcaunn caxapHoro Ama6eTa Ha ¢0He BOCMa/inTe/ZIbHOIro npou,ecca. Bblpa)KeHHaﬂ ,qerw,qpaTau,Mﬂ nauneHTKu,
KaK npwwma ee COI'IOPO3HOFO COCTOSAAHUA, I'IOATBeP)Kp,anaCb AaHHbIMU OCMOTpa n naGOPaTOPHO-I/IHCprMeHTaanOFO nccnegoBaHus: CyXOCTb KOXu
N CAN3UCTbIX, Mas1oe KO/IN4YeCTBO MO4H, I'IpVI3HaKM CFyLI.leHVIﬂ KPOBVI n npepeHaanaﬂ OCTPaﬂ noyeyHaa He4OCTAaTOYHOCTb. BmecTe ¢ TeM OTCyTCTBI/Ie
ABHbIX O4aroBbIX HEBPOIIOFVI‘-IECKVIX HaPyUJEHMPI, KINHUYECKN 3HAYNMbIX VI3MEH€‘HVIVI co CTOPOHbI cep,qequ-cocy,qMCToﬁ CUCTEMBbI, ﬂMXOpaAKVI n Hapy-
WeHun reMognHaMuKM He NO3BO/IA/IN, HA Hall B3raAa4, CBA3aTb TAXe/10e COCTOAHME NaUMNeHTKU C MHCyanOM, MHq)apKTOM MMOKaPAa NN cenTU4eCKnMm
LLIOKOM. ﬂ,erMAPaTaLWIﬂ OC/IOXXHWUANACb PaBBVITVIeM CVIHAPOMa AVICCGMVIHVIPOBaHHOI'O BHyTPVICOCyAVICTOFO CBePTbIBaHVIFI, )KenyAOHHO-KVILLIeLIHbIM KPO-
BOTe4YeHUeM n FeMOppaFMHeCKMM LLOKOM C /ieTa/IbHbIM UCXOA0M. ,ﬂ,aHHblﬁ KHI/IHM‘-IECKI/Iﬁ Cﬂy‘-laﬁ CBMAeTeﬂbCTByeT O TOM, 4YTO B AM¢¢epeHumaanof/’1
ANarHoCcTuke 3a60/1€BaHVIVI KAo4eBbIM NOAX0A0M ABNAETCA aHan3 KANHUYECKOM KaPTVIHbI C TOYKM 3peHVI$I rnaTtoreHesa HaPyLIJeHVIl‘;I. Pa36op I'IOA06HI:IX
K/IMHWUYECKUX CUTYaLMI MOXKET CYXKWUTb A5l Bpayel NMoACNopbeM B BOMPOCaXx AUArHOCTUKM FMNepOCMOISPHOIrO COCTOAHUA.
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Abstract

Hyperosmolar hyperglycemic state is an acute complication of diabetes mellitus, the mortality rate of which reaches 50 %. One of the reasons for the
unfavorable outcome is untimely diagnosis, which is often due to insufficient awareness of doctors regarding the features of clinical and laboratory
manifestations of this diabetic complication. Hyperosmolar state often develops in older patients with polymorbidity, and neurological symptoms
predominate in the clinical picture, which also complicates diagnosis and causes diagnostic errors. The article presents a clinical case of hyperosmolar
hyperglycemicstate, the diagnosis of which caused difficulties at all stages, including postmortem pathological examination. Initially, acute cerebrovascular
accident was assumed, then the patient's severe condition was associated with acute myocardial infarction, and based on the results of the pathological
examination, a conclusion was made about sepsis and septic shock. Review of the patient's medical history showed that the most probable diagnosis was
hyperosmolar state, which developed as a result of decompensation of diabetes mellitus against the background of the inflammatory process. Severe
dehydration of the patient, as the cause of her soporous state, was confirmed by the data of examination and laboratory and instrumental examination:
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dry skin and mucous membranes, small amount of urine, signs of blood thickening and prerenal acute renal failure. At the same time, the absence of
obvious focal neurological disorders, clinically significant changes in the cardiovascular system, fever and hemodynamic disturbances did not allow, in
our opinion, to associate the patient’s severe condition with acute cerebrovascular accident, myocardial infarction or septic shock. Dehydration was
complicated by the development of disseminated vascular coagulation syndrome, gastrointestinal bleeding and hemorrhagic shock with a fatal outcome.
This clinical case demonstrates that in differential diagnostics of diseases a more reliable approach is the analysis of the clinical picture from the point of
view of the pathogenesis of disorders. Analysis of such clinical situations can serve as an aid for doctors in diagnosing hyperosmolar state.
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BP — blood pressure, APTT — activated partial thromboplastin time, BBC — blood biochemistry, DIC — disseminated intravascular coagulation,
CT — computer tomography, INR — international normalised ratio, MRI — magnetic resonance imaging, CBC — complete blood count, ACVA —
acute cerebrovascular accident, CRP — C-reactive protein, EGDS — esophagogastroduodenoscopy, RR - respiratory rate, HR — heart rate, ECG —
electrocardiography, echoCG — echocardiography

Hyperosmolar hyperglycaemic state is an acute com-  asymmetry (downturning mouth), hemianopsia, hemi-
plication of diabetes mellitus, which manifests with  paresis, hemiplegia, etc.; seizures are also possible.
marked hyperglycaemia and associated dehydration At the same time, nervous system involvement is usu-
and altered state of consciousness. Unlike ketoacidotic ~ ally beyond the clear focal syndrome; cerebral damage
hyperglycemic coma, this condition is approximately  is more pronounced than local signs; clinical manifesta-
10 times less common; at the same time, it is associated  tions are unstable and resolve as soon as hyperosmolar-
with high mortality rates, which can be as high as 50%. ity is treated. Brain computer tomography is advisable if

One of the reasons is poor awareness of healthcare pro-  neurological symptoms persist despite improvement in
viders, making timely diagnosis challenging. Unfortu-  hyperosmolarity [1].

nately, there are just a few articles and clinical case stud- Diagnosis of hyperosmolar hyperglycaemic state
ies on this topic. should take into account clinical and laboratory signs

Hyperosmolar coma develops in type 2 diabetes  of dehydration: dry skin and mucosa, reduced diuresis
mellitus, which is associated with partially preserved  and dark. concentrated urine. Complete blood count
insulin secretion, therefore no ketones are present. It is shows elevated haematocrit and RBC levels. Blood bio-
induced by factors contributing to dehydration: acute  chemistry results show hyperazotaemia resulting from
GIT pathology associated with vomiting and diarrhoea,  acute renal failure, in addition to hyperglycaemia. Blood
severe inflammation with fever, restricted fluid intake,  sodium levels are also elevated; test results should be
and a number of other factors. Hyperglycaemia can be  adjusted for hyperglycaemia, because higher blood glu-
more severe than in ketoacidotic coma, and the values  cose levels results in higher natriemia values.

can reach 60-80 mmol/L, because in the presence of The following formula is used to evaluate adjusted

ketones, the patient does not have vomiting or nausea, sodium levels:

which would make them seek medical attention sooner. Adjusted sodium levels = measured sodium+1.6 (glu-

It results in more severe dehydration, and fluid deficiency =~ cose mmol/L-5.5)/5.5.

can exceed 10 litres. Blood biochemistry results and adjusted sodium
Patients in hyperosmolar state are usually elderly, levels can indicate plasma osmolarity, with the normal

which is partially a result of age-related changes in water-  values being 285-295 mOsm/L; while in hyperosmolar

electrolyte metabolism regulation, predisposing them to  state, they can be as high as 330 mOsm/L and above.

dehydration: reduced thirst and poorer renal concentrat- Plasma osmolarity = 2 (sodium mmol/L+potassium

ing ability. In the first instance, severe rehydration affects ~ mmol/L)+glucose mmol/L.

the brain, that is why clinical symptoms are dominated Unlike ketoacidotic coma, hyperosmolar state is not

by neurological signs, which are often mistakenly inter-  associated with metabolic acidosis; however, in some

preted as cerebrovascular events. A typical sign is altered ~ cases, mild acidosis can be possible because of lactic acid
state of consciousness, spanning from confusion and dis-  accumulation, resulting from impaired microcirculation
orientation to coma, transient focal symptoms — facial  and tissue hypoxia.
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Severe dehydration with pronounced microcircula-
tion impairment causes disseminated intravascular coag-
ulation (DIC) syndrome, which is seen in coagulation
profile. DIC leads in gut ulceration, which can be compli-
cated by bleeding.

Usually the cause of death is acute circulatory col-
lapse; postmortem examination often shows advanced
thrombosis resulting from disseminated intravascular
coagulation.

The key therapeutic strategies are fluid replacement,
insulin therapy and potassium level adjustment. Fluid
replacement starts with administration of 1 litre of normal
saline solution (0.9 %), then adjusted sodium levels are
evaluated. If the results exceed 165 mmol/L, then 2.5%
glucose solution is used. Where sodium concentrations
are 145-165 mmol/L, it is recommended to initiate infu-
sion therapy with hypotonic (0.45%) NaCl solution.
Once adjusted sodium levels reach 145 mmol/L, saline
administration continues. Taken high insulin sensitivity
in DM2, insulin therapy should be low-dose (0.5-2 U/h).
The target blood glucose level is 13.9-16.7 mmol/L,
i.e. higher than in diabetic ketoacidotic coma, where
day 1 glycaemic target is 13-15 mmol/L due to a higher
risk of cerebral oedema in case of hyperosmolarity. Pro-
tection against cerebral oedema is also taken into account
in recommendations on the rate of glycaemia reduction:
4 mmol/L/h, plasma osmolarity: 3-5 mOsm/L/h; and
sodium levels: 10 mmol/L/day.

Potassium deficiency is usually more pronounced
than in ketoacidotic coma because of more severe
osmotic diuresis. Potassium deficiency is corrected with
blood potassium testing. Recommended concomitant
treatment includes broad-spectrum antibiotics due to a
high risk of infection, as well as low molecular heparins
due to a high risk of blood-clotting [2, 3].

Case study

Female patient R., 74 years old, brought in by the
ambulance on August 28, 2021 in semicoma. Her con-
dition had been deteriorating for the past 7-10 days,
with increasing atony and lethargy, up to no reactions,
which was the reason to call the ambulance. According
to the patient’s daughter, the patient had had type 2 dia-
betes mellitus for 25 years, arterial hypertension — for
10 years; four and two years before admission, she was
diagnosed with dementia and arrhythmia, respectively.
During the past two years, blood sugar levels were cor-
rected with basal-bolus insulin therapy; for the cardio-
vascular condition, the patient was taking angiotensin-
converting enzyme inhibitor (lisinopril), beta blocker
(bisoprolol) and antiplatelet (acetylsalicylic acid); for
dementia — neurotropic drug (memantine). For the past
year, the patient had a medical attendant caring for her.

Upon admission, the condition was severe; level of
consciousness — semicoma. Examination revealed dry
skin and tongue, reduced skin tightness. Blood pressure
(BP) was 100/75 mm Hg; heart rate (HR) — 65 bpm;
respiratory rate (RR) — 17/min; O2 saturation — 96 %
(with oxygen support); body temperature: 36.4 °C.

Complete blood count (CBC) showed elevated RBC
count of 6.34x10"%/L (up to 4.7x10'*/L; reference values
are given in brackets), Hb — 177 g/L (up to 140), hema-
tocrit — 52.4% (up to 42), WBC — 22.8x10° (up to
8.5), and low platelets count — 154x10°/L (from 200).
Blood biochemistry (BBC) showed elevated blood glu-
cose levels — 55.96 mmol/L (up to 5.9), creatinine —
244 pumol/L (up to 84), urea — 29.64 mmol/L (up to
6.7), sodium — 151 mmol/L (up to 145), C-reactive
protein (CRP) — 98.07 mg/L (up to 5), lactic dehy-
drogenase — 453.1 IU/L (up to 230), aspartate amino-
transferase — 81.6 U/L (up to 35), creatine phospho-
kinase — 394.8 IU/L (up to 170). Coagulation profile
showed elevated activated partial thromboplastin time
(APTT) — 48.4 s (up to 37), APPT index — 1.51 (up
to 1.2) and international normalised ratio (INR) — 1.25
(up to 1.2). Urinalysis results: dark urine, glucosuria up
to 20 mmol/L, protein traces — 0.033 g/L, no acetone.

Electrocardiography (ECG) showed atrial fibrillation
85-180 per minute without any signs of damage. An ultra-
sound examination revealed multiple stones in gall blad-
der opening, elevated echogenicity and diffuse structural
inhomogeneity of pancreas, uneven kidney contour,
uneven renal parenchyma and diffuse echogenicity het-
erogeneity. Small amount of urine in bladder. Brain and
chest computer tomography (CT): unremarkable.

A preliminary diagnosis was made on the basis of
examination and test results. Primary diagnosis: Com-
plex origin encephalopathy (dysmetabolic, residual) with
moderate cognitive damage, social and domestic malad-
aptation, decreased level of consciousness (semicoma).
Acute cerebrovascular accident (ACVA) cannot be ruled
out. Secondary diagnosis: Stage IIT hypertensive disease,
risk 4. Type 2 diabetes mellitus, insulin therapy. Chronic
kidney disease C4. Ischaemic heart disease with rhythm
disturbances. Tachysystole atrial fibrillation. Complica-
tions: Chronic heart failure 2A.

Based on the diagnosis, intensive care was initiated
in ICU.

Next day (August 29, 2021) the patient had black
faeces; she was examined by the on-call surgeon and
esophagogastroduodenoscopy  (EGDS),
which showed acute erosive esophagitis and recent
bleeding. Antiulcer and anticoagulation reversal therapy
was recommended.

underwent

It is worth noting that despite recent bleeding, blood
draws dated August 29,2021 and August 30,2021 showed
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persistently high levels of RBC, Hb and haematocrit.
WBC levels remained high as well, while platelet count
decreased to 80x10°/L (should be at least 200). Blood
biochemistry still showed hyperazotaemia, hyperenzy-
memia, and high CRP levels. Blood sodium concentra-
tion was 158 mmol/L (up to 145). Troponin I test came
back positive.

On hospitalisation day three (August 30, 2021), neu-
rological symptoms included restricted active move-
ments, more in the right arm. Ischaemic ACVA of the
left carotid pool was diagnosed. In order to confirm the
diagnosis, magnetic resonance imaging (MRI) and echo-
cardiography (echoCG) were performed. MRI results
showed individual subcortical ischaemia foci in the
right occipital and parietal lobes (infarctions). Atrophic
changes in cerebral hemispheres. EchoCG results: indu-
ration of ascending aorta, coronary tendons and aortic
and mitral valve cusps with calcifications. Dilated left
atrium. Left ventricle myocardial hypertrophy. Left ven-
tricle diastolic dysfunction.

Based on the clinical symptoms and changes seen on
MRI scans, the diagnosis was corrected; primary diag-
nosis: ischaemic ACVA of both carotid pools, cardioem-
bolic subtype, with right-sided hemiparesis, motor apha-
sia, pseudobulbar syndrome.

The patient was treated with infusion therapy (ste-
rofundin), antihyperglycemic drugs (insulin), diuretics
(furosemide), antimicrobials (moxifloxacin, cefotax-
ime), metabolic therapy (mexidol, ceraxon), lipid-lower-
ing drugs (atorvastatin), proton pump inhibitor (omez),
anticoagulants (heparine), beta blocker (metoprolol),
and received enteral feeding (Nutricomp, water). Infu-
sion therapy amounted to 1,500 to 2,150 mL/day.

Follow-up CBC dated August 31 and September 01,
2021: elevated RBC and WBC levels and low platelet
count. BBC results: persisting values of nitrogenous waste,
enzymes, CRP and sodium, the concentration of which
was 150 to 163 mmol/L (up to 145). Coagulation profile:
even worse coagulation system impairment — APTT was
116.5-168 s (up to 37), APTT index — 3.6-5.3 (up to 1.2),
INR — 2.6 (up to 1.2), QuicK’s value — 38 % (NLT 75).

At 08.00 a.m. on hospitalisation day five (September
02, 2021), the patient had loose stool with haemorrhagic
contents; body temperature rose to 37°C, RR — to 20 per
minute, and HR — to 90 bpm; BP dropped to 88/59 mm
Hg. Pressor agent dopamine 10 pg/kg/min was started
for haemodynamic support. EGDS was performed,
which showed coffee grouts-like stomach contents (up to
20 mL); no active bleeding was observed during exami-
nation; conclusion: erosive haemorrhagic esophagitis,
atrophic hyperplastic gastritis. The patient was examined
by a surgeon, who diagnosed acute erosive esophagitis
with recent bleeding. At 08.45 a.m., clinical death and

asystole were recorded; resuscitation was ineftective. The
patient was pronounced dead at 09.15 a.m.

In the postmortem report, the primary diagnose was
revised and changed to ischaemic heart disease, acute
myocardial infarction of unknown location dated Sep-
tember 02, 2021, complicated by cardiogenic shock.
Concurrent diagnosis: erosive haemorrhagic esophagitis
with gastrointestinal haemorrhage of unknown origin
and grade IIT haemorrhagic shock.

Postmortem examination showed multiple apical
abscesses of maxilla and mandible, as well as numer-
ous organ damage: necrotising nephrosis, centrolobular
haemorrhage in the liver, acute erosive ulcerative gastro-
enteritis, gastrointestinal haemorrhage (approximately
300 mL of blood clots in intestine postmortem), subpleu-
ral bleeding in the lungs, myocardial necrosis area on the
posterior left ventricle wall (type 2), 3.5x2 cm, 3-5 days
old, liquid blood in heart cavities and large vessels,
haemorrhage in cortex of kidneys, focal haemorrhage in
adrenals, acute general congestion, pulmonary oedema,
cerebral oedema.

Discrepancy between the clinical and postmortem
diagnosis was recorded. According to medical examin-
ers, the primary diagnosis was acute purulent periodon-
titis with odontogenic sepsis, systemic inflammatory
response syndrome (WBC dated September 02, 2021 —
22.8x109/L), multiple organ damage, disseminated coag-
ulation syndrome in hypocoagulation phase, pulmonary
and cerebral oedema; cause of death: septic shock.

The final diagnoses, both clinical and postmortem,
require revision.

Discussion

In this clinical case study, the clinical manifestations
in the patient were mostly cerebral, whereas signs of
focal damage appeared on hospitalisation day three and
did not correspond to the degree of impairment of con-
sciousness; that is why ACVE was unlikely, which was
confirmed with CT, MRI and postmortem examination
results. The severity of the patient’s condition could not
be a result of myocardial infarction, taken preserved hae-
modynamics, no ECG and echoCG signs of myocardial
damage up to day 5 of follow-up, when the patient died.
These findings necessitated the search for metabolic
causes of the severe condition of the patient.

The diagnosis “odontogenic sepsis with septic shock”
as the primary cause of the disease is also plausible, given
the lack of fever and impaired haemodynamics in the
patient in semicoma. As far as leukocytosis is concerned,
its bacterial origin is inconclusive because of the lack
of inflammatory changes seen in complete blood count
results (elevated erythrocyte sedimentation rate and left
deviation).

79



80

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine ® Ne 1 e 2025

The concurrent diagnosis stated in postmortem
report needs attention: “erosive haemorrhagic esophagi-
tis with gastrointestinal haemorrhage of unknown origin
and grade III haemorrhagic shock” As a matter of fact,
haemorrhagic contents of faeces with drop in BP is a sign
of massive blood loss. The consecutive asystole implies
that the haemorrhagic shock was the cause of death. It is
likely that gastrointestinal haemorrhage was caused by
DIC syndrome.

The following sequence of events can be suggested.

Acute purulent periodontitis resulted in diabetes
mellitus decompensation and marked hyperglycaemia.
Apparently, late call for medical assistance was caused
by cognitive disorders in the patient, her sensory dia-
betic neuropathy after 25 years of diabetes mellitus,
which disguised the pain syndrome, and by probable
misjudgement of the patient’s health condition by care-
givers. Severe hyperglycaemia up to 55.96 mmol/L was
the cause of severe dehydration and hyperosmolar state.
Dehydration was confirmed during examination: dry
skin with decreased tightness, dry tongue, dark urine, as
well as laboratory and instrumental test results — high
RBC count, high levels of nitrogenous waste, enzymes,
sodium; small amount of urine in the bladder.

High WBC count could also be caused by dehydra-
tion and tissue damage resulting from impaired micro-
circulation. Besides, high WBC values could be induced
by blood loss, which could also happen before hospitali-
sation, confirmed by black faeces on hospitalisation day
two and finding ulcerative damage to esophagus mucous
seen during EGDS. Blood loss worsened dehydra-
tion, and RBC counts remained high because of severe
dehydration.

Using the above formulae, adjusted sodium levels
upon admission were 160.8 mmol/L, whereas the
upper limit of normal is 145; plasma osmolarity was
389.52 mOsm/L, with the reference value being up to 295.
Significantly higher osmolarity resulted in severe brain
tissue dehydration and semicoma, as well as in impaired
microcirculation and DIC syndrome with blood clots,
consumption thrombocytopenia, and poor coagulation
profile. These damages caused areas of infarction in the
brain, myocardium and erosive ulcerative damage to GIT
with haemorrhagic shock. Although the postmortem
examination showed approximately 300 mL of blood,
which is not a fatal blood loss, the severe condition of
the patient as well as her elderly age can make her highly
susceptible to less blood loss.

This clinical case demonstrates challenging diagno-
sis of hyperosmolar state, despite involvement of various
specialists and advanced laboratory and instrumental
capacities. We believe that this is an example of the sig-
nificance of clinical interpretation taking into account

pathological mechanisms [4, 5]. Understanding the clin-
ical symptoms makes it possible to avoid both overes-
timation and underestimation of laboratory and instru-
mental results, as well as diagnostic misconceptions,
including hyperosmolar state.
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