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1 	 | 	 INTRODUCTION

The	 coronavirus	 (SARS-	CoV-	2)	 pandemic	 and	 the	 as-
sociated	 illness	 coronavirus	 disease	 2019	 (COVID-	19)	
with	 a	 diversity	 of	 clinical	 manifestations	 is	 currently	
the	 most	 challenging	 situation	 physicians	 are	 facing.	
Pregnant	 women	 are	 a	 potentially	 highly	 vulnerable	
population	 during	 the	 pandemic	 due	 to	 pregnancy	 re-
lated	 anatomical,	 physiological,	 and	 immunological	
changes.1	 Papers	 are	 being	 published	 and	 research	 is	
ongoing	to	gain	more	information	on	clinical	character-
istics	 and	 outcomes	 of	 pregnant	 women	 infected	 with	
COVID-	19,	in	order	to	improve	its	management	in	preg-
nant	patients.2

Pregnancies	 complicated	 by	 diabetic	 ketoacidosis,	
which	is	a	life-	threatening	emergency,	are	associated	with	
increased	rates	of	perinatal	morbidity	and	mortality.1–	4	A	
high	 index	 of	 suspicion	 is	 required	 because	 diabetic	 ke-
toacidosis	 in	pregnancy	can	be	difficult	 to	diagnose	as	 it	
can	occur	at	lower	glucose	levels	and	can	progress	more	
rapidly	than	in	the	non-	pregnant	state.	Euglycemic	DKA	
(EDKA)	 is	 defined	 as	 a	 variant	 of	 DKA	 with	 increased	
anion	 gap	 metabolic	 acidosis	 and	 ketosis,	 but	 with	 glu-
cose	levels	less	than	200 mg/dl	or	within	normal	range.3,4	
It	is	much	less	common	than	hyperglycemic	DKA	and	is	
relatively	 harder	 to	 diagnose	 due	 to	 the	 potentially	 mis-
leading	 normal	 or	 only	 slightly	 elevated	 blood	 glucose	
levels.	Morbidity	and	mortality	can	be	reduced	with	early	
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Abstract
Diabetic	ketoacidosis	(DKA)	is	a	life-	threatening	complication	of	diabetes	and	is	
considered	a	medical	emergency.	Euglycemic	DKA	(EKDA)	is	a	variant	of	DKA	
with	a	normal	or	minimally	elevated	glucose	level	<200 mg/dl.	The	condition	can	
be	difficult	to	diagnose	due	to	the	relatively	normal	glucose	levels.	Pregnancy,	in-
fection,	and	a	low-	calorie	intake	are	some	of	the	contributing	common	etiologies	
of	EDKA.	Despite	a	rapid	increase	in	scientific	publications	on	COVID-	19,	there	
are	still	knowledge	gaps	regarding	the	course	of	COVID-	19	in	some	patient	sub-
set.	This	is	especially	the	case	for	pregnant	women.	In	this	case	report,	we	discuss	
the	course	of	COVID-	19	infection	in	a	pregnant	woman	with	gestational	diabe-
tes	who	developed	severe	euglycemic	diabetic	ketoacidosis	triggered	by	various	
precipitating	factors,	including	starvation,	caused	by	COVID-	19	infection	and	its	
gastrointestinal	effects.
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detection	of	the	precipitating	factors,	prompt	hospitaliza-
tion,	and	targeted	therapy	with	intensive	monitoring	pro-
vided	by	a	multidisciplinary	team	including	obstetrician,	
endocrinologist,	and	intensivist.3,4

Pregnant	women	are	more	likely	to	develop	DKA	com-
pared	 with	 non-	pregnant	 women	 with	 diabetes	 (8.9%	 vs	
3.1%,	 respectively).5	 Pregnant	 women	 with	 pre-	existing	
or	 gestational	 diabetes	 are	 also	 at	 high	 risk	 of	 severe	
COVID-	19	infection	which	can	precipitate	complications	
of	 diabetes	 including	 DKA	 and	 hyperosmolar	 hyper-
glycemic	 state	 (HHS)	although	 to	date,	only	a	 few	cases	
of	 EDKA	 in	 pregnancies	 with	 COVID-	19	 have	 been	 re-
ported.2	We	describe	a	case	of	a	pregnant	woman	who	de-
veloped	EDKA	in	the	third	trimester	while	being	treated	
for	severe	pneumonia	caused	by	severe	acute	respiratory	
syndrome	coronavirus	2	(SARS-	CoV-	2)	infection.6

2 	 | 	 CASE PRESENTATION

A	35-	year-	old	Qatari	woman	 (Gravida	3,	Para	2)	known	
to	 have	 gestational	 diabetes	 managed	 by	 lifestyle	 modi-
fication	 alone	 and	 hypothyroidism	 treated	 with	 50  mcg	
of	 levothyroxine	 presented	 to	 our	 Emergency	 Room	 at	
29  weeks’	 gestation	 complaining	 of	 fever,	 cough,	 and	
shortness	of	breath	of	2 days’	duration.	Subsequently,	she	
was	 diagnosed	 with	 COVID-	19	 infection	 with	 a	 positive	

reverse	 transcriptase	polymerase	chain	reaction	 test	 (RT	
PCR).	 On	 initial	 assessment,	 she	 had	 normal	 vital	 signs	
and	was	maintaining	oxygen	saturation	on	room	air.	Based	
on	 clinical	 symptoms,	 basic	 laboratory	 investigations	
(Table 1)	and	chest	X-	ray	were	requested.	Her	chest	X-	ray	
(Figure 1)	revealed	increased	broncho-	vascular	markings	
and	infiltrates	in	both	lung	fields	with	no	obvious	consoli-
dation	 or	 cavitation	 seen.	 Patient	 was	 managed	 as	 mild	
pneumonia	and	was	started	on	hydroxychloroquine,	anti-
viral	(Kaletra),	antibiotics,	and	thromboprophylaxis	as	per	
hospital	protocol.

On	second	day	of	admission,	she	started	complaining	
of	 nausea,	 vomiting,	 loss	 of	 appetite,	 and	 diarrhea.	 She	
was	 hemodynamically	 stable,	 afebrile,	 and	 maintain-
ing	her	oxygen	saturation	above	96%	on	room	air.	In	her	
subsequent	 stay	 in	 hospital,	 she	 continued	 to	 have	 loss	
of	 appetite.	 Repeat	 laboratory	 tests	 revealed	 persistent	
ketonuria,	 low	 potassium	 levels	 and	 hypomagnesaemia	
with	worsening	of	symptoms	of	COVID-	19	infection.	Her	
oxygen	 saturation	 started	 to	 drop,	 and	 her	 tests	 results	
showed	elevated	C-	reactive	protein,	ferritin,	and	interleu-
kin-	6 suggesting	a	picture	of	cytokine	storm.

Repeat	chest	X-	ray	(Figure 2)	revealed	 increase	 in	bi-
lateral	 infiltrates	 with	 patchy	 opacities.	 She	 was	 started	
on	 intravenous	 remdesivir,	 ertapenem,	 and	 methylpred-
nisolone	 as	 per	 hospital	 protocol.	 Blood	 results	 revealed	
a	 severe	 metabolic	 acidosis	 with	 bicarbonate	 level	 in	

Investigations
Result before 
MICU admission

Result after 
MICU discharge

Normal 
laboratory 
range

Blood	glucose	(mmol/L) 4.7 4.3 3.3–	5.5

HBA1c	(%) 4.6% –	 4.8–	6.0

Hemoglobin	(g/dl) 9.9 10.3 12–	15

Arterial	pH 7.26 7.34 7.35–	7.45

PaO2	(mmHg) 51 57 83–	108

PaCO2	(mmHg) 22 35 35–	45

Base	Excess	(mmol/L) −11.8 −0.9 −2	to	+2

Bicarbonates	(mmol/L) 9.6 23 22–	29

Lactate	(mmol/L) 0.5 1.0 0.5–	2.2

Urinary	Ketones	(+) 4+ Negative Negative

Serum	hydroxybutyrate	
(mmol/L)

4.6 0.90 0.0–	0.6

Alanine	transaminase	
(μ/L)

8 6 0–	55

Aspartate	transaminase	
(μ/L)

19 21 5–	34

Interleukin-	6	(pg/ml) 19 15 <7

Ferritin	(mcg/L) 449.2 256 11–	304

C-	RP	(mg/L) 22 136 0–	5

T A B L E  1 	 Patient's	biochemical	
parameters	on	admission	to	MICU	and	
afterwards
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critical	range	(refer	to	the	table)	and	high	anion	gap	of	14.	
Urinalysis	ruled	out	urinary	tract	infection.	Her	blood	sug-
ars	were	within	normal	range	(4.0 mmol/L).	A	diagnosis	
of	EDKA	was	made.	She	was	moved	to	Medical	Intensive	
Care	Unit	(MICU)	where	she	stayed	for	2 days	receiving	
vigorous	 intravenous	 hydration,	 electrolyte	 replacement,	
and	insulin	and	dextrose	infusions.

She	 improved	 clinically,	 and	 her	 laboratory	 tests	 im-
proved	with	resolution	of	DKA.	She	was	transferred	back	
to	 the	 antenatal	 ward	 where	 her	 vomiting	 and	 diarrhea	
improved	 and	 was	 subsequently	 discharged	 home.	 Her	
fetal	movement	perception,	cardiotocography	(CTG),	and	
fetal	 ultrasound	 all	 remained	 normal	 while	 she	 was	 in	

the	 hospital.	 A	 week	 after	 discharge	 she	 remained	 well	
when	 reviewed	 in	 clinic	 and	 continued	 to	 have	 normal	
pregnancy	follow-	up.	She	had	normal	vaginal	delivery	at	
40  weeks	 with	 normal	 neonatal	 and	 maternal	 outcome	
and	 was	 discharged	 home	 on	 regular	 medications	 after	
24  h.	 She	 was	 planned	 for	 glucose	 tolerance	 test	 after	
6 weeks.

3 	 | 	 DISCUSSION

Euglycemic	diabetic	ketoacidosis	(EDKA)	is	a	type	of	dia-
betic	ketoacidosis	where	glucose	 is	 either	 in	 the	normal	
range	or	only	minimally	elevated	and	can	be	difficult	 to	
diagnose.	 Our	 patient	 presented	 with	 mild	 respiratory	
symptoms	 and	 was	 diagnosed	 as	 COVID-	19	 positive	 by	
real-	time	 reverse	 transcription	 polymerase	 chain	 reac-
tion	 (RT	 PCR).	 Initially	 symptoms	 were	 attributed	 to	
COVID-	19	 infection.	 However,	 the	 presence	 of	 ketonu-
ria,	metabolic	acidosis,	and	high	anion	gap	in	a	pregnant	
woman	 with	 gestational	 diabetes	 led	 to	 the	 suspicion	 of	
EDKA.	 6.4%	 of	 patients	 with	 COVID-	19	 infection	 that	
require	hospitalization,	have	ketosis	or	ketoacidosis,	and	
35%	 of	 them	 are	 affected	 by	 diabetes;	 hence,	 COVID-	19	
infection	in	itself	is	an	independent	risk	factor	for	ketoaci-
dosis	even	in	normoglycemic	individuals.7	EDKA	can	be	
provoked	 by	 acute starvation because of gastrointestinal 
symptoms	due	to	severe	COVID-	19	infection	as	it	was	the	
case	for	our	patient.7	A	number	of	other	factors	may	also	
be	 responsible	 for	 development	 of	 diabetic	 ketoacidosis	
according	to	the	literature.

Endocrine changes in pregnancy	 are	 associated	 with	
decreased	release	of	insulin	and	increased	insulin	resis-
tance	because	of	placental	hormones	(including	human	
placental	 lactogen,	 catecholamines,	 glucagon,	 growth	
hormone,	and	cortisol)	that	are	antagonistic	to	insulin.3	
Stress	associated	with	COVID-	19	infection	also	increases	
these	hormones	which	promote	lipolysis	and	increased	
free	fatty	acid	and	ketone	body	production.7	Pregnancy	
tends	to	lead	to	production	of	more	ketones	two	to	four	
times	higher	than	in	non-	pregnant	females	and	it	tends	
to	 increase	 risk	 of	 metabolic	 acidosis	 as	 it	 is	 a	 hyper-	
metabolic	state.3

Direct toxic effect of the virus on islet cells	which	show	
increased	 expression	 of	 angiotensin	 converting	 enzyme	
2	(ACE2)	receptors	may	lead	to	higher	rate	of	cell	death	
among	 insulin	 producing	 islet	 cells	 leading	 to	 increased	
ketoacidosis	 and	 insulinopenia.8	 Furthermore,	 increased 
pro-	inflammatory cytokine release (Cytokine Storm)	 char-
acterized	 by	 high	 ferritin	 and	 interlukin-	6  level	 as	 seen	
in	our	patient	also	plays	some	role	in	the	development	of	
ketoacidosis	in	patient	with	COVID-	19	by	increasing	lip-
olysis	and	ketogenesis.9,10

F I G U R E  1  Chest	X-	ray	on	admission	to	the	ward

F I G U R E  2  Chest	X-	ray	of	the	patient	while	in	MICU
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Abdulrahman	 et	 al.	 demonstrated	 that	 use of 
Hydroxychloroquine	 in	 COVID-	19	 patients	 is	 associated	
with	increased	risk	of	hypoglycemia	and	diarrhoea11	and	it	
could	have	played	a	role	in	the	glucose	level	being	in	nor-
mal	 range	while	our	patient	was	 in	diabetic	ketoacidosis.	
Likewise,	use of steroids	in	the	treatment	of	severe	COVID-	19	
infection	can	precipitate	ketoacidosis,	but	usually	with	hy-
perglycemia	in	pregnant	patients	with	pre-	existing	or	gesta-
tional	diabetes.	The	magnitude	and	duration	of	such	effect	
depends	on	the	dose	and	type	of	steroid	used.12

All	the	above	factors	could	have	contributed	to	the	de-
velopment	 of	 ketoacidosis	 in	 our	 patient	 who	 was	 preg-
nant,	 had	 gestational	 diabetes	 and	 severe	 COVID-	19	
infection	which	needed	steroid	treatment.	However,	given	
her	normal	blood	sugars,	we	postulate	that	acute	starva-
tion,	being	pregnant	and	the	tendency	of	COVID-	19	infec-
tion	to	cause	ketosis	(and	ketoacidosis	in	some	cases)	were	
the	main	driving	factors	to	develop	EDKA	in	her	case.	A	
pregnant	diabetic	Muslim	developing	ketoacidosis	at	the	
time	of	Ramadan,	readily	brings	to	mind	the	effect	of	fast-
ing	on	such	patients.13	Though	our	patient	was	not	fasting,	
there	is	need	to	counsel	such	patients	regarding	proper	di-
etary	intake,	hydration	and	good	glycemic	control.13

Maternal	ketoacidosis	can	lead	to	fetal	acidosis	and	hy-
poxia	which	can	manifest	as	abnormal	antenatal	CTG.14,15	
The	CTG	should	normalize	with	correction	of	maternal	ac-
idosis	and	supportive	treatment.	Immediate	delivery	is	not	
always	automatically	indicated	unless	there	is	no	improve-
ment	in	CTG	despite	the	correction	and	there	are	red	flags	
suggesting	emergency	Cesarean	delivery	is	necessary.14	The	
CTG	probably	remained	normal	in	our	patient	because	of	
the	prompt	detection	and	correction	of	maternal	ketoacido-
sis	and	she	later	had	a	normal	vaginal	delivery.

The	 occurrence	 of	 this	 serious	 complication	 can	 be	
prevented	 by	 vaccination	 of	 all	 pregnant	 women	 as	 rec-
ommended	by	the	American	College	of	Obstetricians	and	
Gynecologists	 (ACOG)16	 and	 education	 of	 patients	 and	
members	of	the	health	team	regarding	early	identification	
of	 symptoms	and	signs	euglycemic	diabetic	ketoacidosis	
and	prompt	treatment	when	pregnant	women	with	diabe-
tes	present	with	features	of	severe	COVID-	19	infection.1,2,6

4 	 | 	 CONCLUSION

Euglycemic	diabetic	ketoacidosis	is	a	rare	life-	threatening	
complication	that	can	occur	in	pregnant	diabetic	patients	
who	 develop	 severe	 COVID-	19	 infection	 and	 is	 associ-
ated	 with	 high	 risk	 of	 fetal	 loss.	 Clinicians	 should	 have	
high	index	of	suspicion	when	such	patients	present	with	
ketonuria	 and	 should	 take	 appropriate	 steps	 to	 manage	
them	 using	 multidisciplinary	 approach	 with	 intensive	
care	input.
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