142

GEEINASPRTEESR

Diabetic Ketoacidosis in COVID
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INTRODUCTION

Globally only 5% of known diabetes is diagnosed to be
type 1 diabetes but the incidence is inc‘r('nsing at about 3%
every year.' The studies have correlated that the severity
of developing COVID-19 and related complications
amongst the obese and diabetes is high.” Even the reports
had documented COVID-19-induced severe metabolic
decompensation as diabetic ketoacidosis (DKA) or hyper

osmolar hyperglycemic state (HHS), of which SARS-CoV-2 is
characteristically linked with new onset of type 1 diabetes.’
The past experience from severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS) have
taught the fact Coronavirus-mediated islet cell damage is
not a novel phenomenon, may be because Coronaviridae
family to inherited a genetic predisposition for islets cell
damage.’

DIABETIC KETOACIDOSIS AND COVID

An important finding was high levels ol inflammatory
markers, same can be seen in DKA. Interleukin 6 (I1.-6) has
been highlighted as the main culprit formaladaptive immune
response to the SARS-CoV-2 virus.” IL-6 is also elevated in
DKA which hypothesized to be the driver of ketosis, but it is
still a matter of debate.” The hormonal system L‘espnnsif)ie
lor maintaining blood pressure is called rm1in-nz1ngio-lr:nmn—
aldosterone system (RAAS), which exerts its eﬁarct on
vascular tone and aldosterone secretion. The RAAS is also
lound in the pancreas. The pancreatic cells ex[:l?res:.s lmtl:
angiotensin I and II receptor and prorenin gm.]es. F'g:"i‘f :
txplaing the role of amplification of angiDtGHSJIPCt?ﬂ:’LFl ng
enzyme 2 (ACE-2) at pancreatic islets and the kidney.
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hence seasonality in the new-onset type 1 diabetes mellitus
(T1DM) has been linked with viral etiology.’ The association
ofviral infections and T1DM is complex. The Mouse models
reveal that while certain viruses could be harmful to the
p-cells and begin autoimmunity, others could prove to he
having both protective and preventive effects. Although one
needs to stay cautious while extrapolating these findings to
human subjects."”

Pathogenesis of [3-cells Damage
Evidence of fulminant T1DM from Japan predominantly
in adults had shown that to be preceded by minor upper
respiratory or gastrointestinal infections mainly of viral
etiology as mumps, human herpesvirus 6 (HHVG), Coxsackie
B3, B4, herpes simplex virus (HSV), hepatitis A, influenza-1,
and parainfluenza. This fulminant T1DM called as type 1 [}
diabetes, characterized by acute onset of ketoacidosis with
very short (1 week) duration of osmotic symptoms, absence
of islet-related autoantibodies, extremely low C-peptide
levels, elevated serum pancreatic enzyme levels, and a
HbAlc <8.5% on the first visit." "
Hence, it was stated that f-cell damage due to viral
infection can be due to either:
» Direct lytic effects of viral replication
» Host inflammatory response-mediated damage by
autoreactive CD' T cells, leading to autoimmunity (Fig. 2).

The pathological processes for chronic fi-cell damage are

varied as:

«  Molecular mimicry

= T-cell activation

» Chronic p-cell infection leading to major histocompati-
bility complex 1 (MHC-1) overexpression.

The Associated Viruses which may Cause

p-cell Damage

The enterovirus infection has shown significant association
with type 1 diabetes and related aulnitmﬁulmy.' "The TEDDY
study (The Epidemiological Determinants of Diabetes
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Potential therapaitic role of ACEZ amplification
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Fig. 1: Role of amplification of anglotensin-converting enzyme 2 (ACE-2) at pancreatic islets and the kidney,
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Fig. 2: Host inflammatory response-mediated damage by autoreac-
tive CD4 T cells, leading to autolmmunity,

(Adapted from Boddu SK, Aurangabadkar G, Kuchay MS, New onset
diabetes, type 1 diabetes and COVID-19 Diabetes Metab Syndr.
2020,14(6):2211-7)

In Young) confounded that several resplratory Infection
oecurring till 9-month postnatal period is associated with
subsequent risk of type 1 diabetes autolmmunity, and
Interestingly coronavirus was one of the identified pathogens.
With due time and rescarch, many viruses came 1o be
assoclated with TIDM, especially listed as, Enteroviruses
(especially Coxsackle 131, Ba), mumps, eytomegalovirus
(CMV), rubella, ete. Bven studies had substantial data 1o
contradict the relationship between fi-cell autolmmunity
due to viral origin,

EPIDEMIOLOGY OF DIABETIC KETOACIDOSIS:
AN UPDATE

The data from US and the UK has reported that hospitaliza:
tion from DKA had increased I the last decade,'" "

From 2000, two subtypes being identified are as follows:

. Ketosis-prone diabetes: Recognized from early 2000
amongst type 2 diabetes mellitus (T2ZDM) with obesir
presented in DKA, they had impaired insulin le
still negative for T1DM autoimmune markers. "
Euglycemic diabetic ketoacidosis (euDKA): This Rrouj
accounts lor up to 10% of DKA. It is characterize
metabaolic acidosis along with increased total bod
ketone level, but having glucose levels <250 mg/dL. "
[twas first described by Munro et al. in 1972
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SARS CoV-1 and Diabetes

The studies had shown that ACE 2 Is the functiona

receptor for both SARS-CoV-1 and SARS:CoV-2." ACE-2 is

mainly found abundantly in the lung and small intestine

hence becomes the toutes ol entry for the SARS-CoV- 1 anc

SARS-CoV-2." Studies during 2003 SARS-CoV-1 epidemic

had documented that those who did not receive
glucocorticoid medications for milder SARS symptoms
even had ralsed fasting blood sugar (FBS) which in turn
was an independent predictor of higher mortality and
morbidity.” During the follow up In 2010 for investigating
any pancreatic lesions, they were found to be strongly
Immune positive for ACE-2 in pancreatic islets but only
weakly positive for exocrine pancreases. Insulin-dependent
diabetes was observed in 20 of the 39 patients (oge: 47.2 ¢
2.2 years) during hospitalization, At 3 years of follow-up, two
Stll persisted with diabetes, hypothesizing that the damage
on fi=cells can only be acute and transient in nature.

COVID-19 and Pancreatitis

Ihere is no report or documented case
With the SARS-CoV- 1 in 2003, Howey

ol acute pancreatits
e during COVID - 19,
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TABLE 1: Classification of hyperglycemic crisi

s severity and Insulln treatment options.

Mild DKA Moderate DKA Severe DKA HHS HONK
Blood glucose ma/dL (mmal/l) »250 (>13,8) 2250 (»13.8) 250 (=13.8) 600 (>33.3) =600 (>33.3
pH 7.25-7.30 7.00-7.24 <7.00 57.30
HCO, immol/L) 15-18 1014 <10 =18
Urine/serum ketones + I 1 f '
serum osmolality (Osny, ) 320 320
Anion gap Elevated Elevated Elevated Elevated Elevated
Mental status Alert Alert/drowsy Stuporfcoma Stupor/coma Stupor/coma
Insulin therapy SCAV SC/AV v IV v
Frequency of glucose monitoring — every 1-2 hours every 1-2 hours every 1 hour avery 1 hout every 1 hout
Location of care Intermediate Intermediate care  ICU Icu Icu

care unit unit/icy

(DKA: diabetic ketoacidosis; HCO,: bicarbonate: ICU: intensive care unit; IV intravenous; Na', socium; SC: subcutaneous | HHS; hyperglycemic hypor

asmolar syndrome; HONK: hyperosmaolar nonketotic coma)

Role of Subcutaneous Insulin Use in Diabetic
Ketoacidosis

In context of pandemic along with available evidence,
SC insulin therapy proves to be uselul for mild/moderate
uncomplicated DKA. From the Cochrane review (2016G)
assessing IV insulin versus SC rapid-acting insulin protocol
found that the effects of SC versus IV insulin (rapid ncting
insulin analogues) are comparable for treating mild or
moderate DKA, "

summary ol 5C insulin randomized controlled trials
(RCTs) in DKA and potential strategies in COVID- 19 s given
in Table 2.

One study was assessing the impact of adding early basal
insulin within the first 12 hours at the dose of 0,25 unit/kg,
The authors observed reduction in rebound hyperglycemia
[33.3% in the Intervention group versus 93.5% in the control
(P < .001)].

Even though SC protocol is useful but still not recom-
mended for:

= Severe DKA

*  Othercomplicated illness (end-stage renal disease, severe
AKL pregnancy, concomitant myocardial infarction, or
stroke)

* Any patients requiring intensive care unit (1CU) care (ot

mechanical ventilation and/or vasopressor support,

Management of Severe and/or Complicated
Diabetic Ketoacidosis in Patients with COVID-19

Any patients presented with severe DKA should be managed
in an 1CH with 1V access [or Huid resuscltation along with
SCI along with frequent monitoring of either venous blood
or capillary glucose (e.g., every 1-2 hours). Also frequent
monlitoring for potassium and electrolytes (o be done, The
respiratory support and cardiac monitoring may be needed.
Fhe Insulin requirement may be as high as needs 4 units/
kg/day with critically ill patients with COVID-19." The

concomitant usage ol corticosteroids and/or vasopressors
also had an impact insulin requirement,"

'he resolution from DKA leads to rapid increase in
insulin sensitivity, mainly in severe DKA. Hence, insulin rate
should adjust hourly

PREVENTION OF DIABETIC KETOACIDOSIS
DURING COVID-19

[tis been observed that majority of people with diabetes
and COVID-19 infection may not require hospitalization.
The self-care of these categories of patient includes
continuing insulin at home insulin and to reassess their oral
hypoglycemic agent (OHA), especially those taking SGLT2i,

Most ol the professional societies are doing advocacy 1o
fullow “sick day rules” which include at least 3-month supply
ol medications, all necessary supplies for insulin therapy and
point-ol-care ketones bodies (blood or urine) testing kit."

Telemedicine is useful modality for adolescents in
preventing DKA. "

Lastly, insulin initiation and proper behavioral change
communication program should not be postponed during
the pandemic. BCC can be achieved by either face to face
counseling or, via video teleconferencing,

CONCLUSION

In this regard, the establishment of the CoviDiab Re
(covidiab.e-dendrite.com) 2 is timely

gistry
and should provide
garding COVID-19-yelated
diabetes. These pandemics provide us

valuable insights into issues re
a classic example of a
lethal intersection about the burden of a noncommunicable
disease on communicable disease, Mostof the DKA in'T1DM
Is precipitated by omission of insulin, hence
o Insulin therapy is of paramount import
clinicians, clinical programs; along w

rationalization
ance lor which
th insurers as well
as manufacturers should come together with program for

Sustiinable insulin regimens atan affordable Cost.
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COVID-19 and New-onset Diabetes

According to data from Hoffinany ¢ al™

SARS-CoV-2 and SARS-CoV-1 use the «

More intriguingly, recent reports show thag :wwh-;iir-valm

diabetes is commonly observed in COVID-] o
The association betwee

and Zhou et a),, %
ame ACE-2
ignosed
d patients,

_ n COVID-19 infections with
new-onset hyperglycemia amongst people

of diabetes is increasing along with raised risk of mortality
and morbidity. The phenomenon of infection leading
to inflammation and cytokine storm resulting to insulin
resistance and stress hyperglycemia is well know

with no history

n and that
maybe a phenomenon resulting in hyperglycemia following
COVID-19 infections.

During the recent pandemic of COVID-19 in ltaly,
those presented with more severe DKA was 44.3% in
2020 in compared with 36% in 2019 which was higher
than 23% of annual cases of new childhood diabetes.*
A similar observation was reported from Germany, i.e.,
twolold increase in DICA and severe ketoacidosis amongst
children and adolescents during the pandemic of COVID-
19 when diagnosis of diabetes was made, hence new-onset
diabetes.”

A multicenter study had reported an increase in new-
onset TIDM in children from UK, during COVID-19
pandemic. 21 out of 30 children presented with DKA of
which 52% with severe DKA. Amongst them 2 of 21 tested
positive for SARS-CoV-2 and 3 of 16 tested positive for SARS-
CoV-2 antibody [immunoglobulin G (1gG)].

The conclusion from meta-analysis by Sathish et al.
where 3,700 patients from eight studies had shown a pooled
proportion of 14.4% for newly diagnosed diabetes amongst

patients hospitalized for COVID-19.

Euglycemic Diabetic Ketoacidosis

During the COVID-19 pandemic, a cluster nll' cnﬁe:jl :llr:zl
reports of euglycemic DKA was reported z'wm:,s th‘e: ?izm:
Especially in those presenting welru'm‘iunly on M:,:,“Hnﬁ
tlucose cotransporter 2 inhibitors (SGLT2i) where p:';-d” e
lood glucose level <300 mg/ er. -lmc:oﬂlll-eei[“;;: :

¢ insulin infusion '
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Oriot anc i

Li et al.
n TIDM patient with SARS-CoV-2 ‘meumomal;dm:'n and
uggest that COVID-19 might
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search.
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IMPACT OF COVID-19 AMONGST YOUTH
AND PEDIATRICS

Lhe impact of COVID-19 on diabetes is mainly adult centric

but impact of the same on pediatric diabetes sull remains an
ambiguous area. According to Chao et al., as quoted “Spike

in Diabetic Ketoacidosis Rates in Pediatric Type 2 Diabetes
during the COVID-19 Pandemic.” They observed persistently

increase in trend of new-onset type 2 diabetes cases for
three consecutive years during the same 6 months of the
year. During the same pandemic period, a spike in DKA is
noted mainly among new-onset diabetes. Interestingly none
had active SARS-CoV-2 infection, of which two new-onset
diabetes were serology positive (IgG) for SARS-CoV-2."

CONSIDERATIONS IN THE GENERAL
MANAGEMENT OF DIABETIC KETOACIDOSIS
The main tenets of DKA management have not changed in
decades and include the triad of fluid resuscitation, potassium
repletion, and insulin replacement.

For Muid resuscitation, isotonic saline (0.9% NaCl) is often
the preferred along with close monitoring and potassium
repletion may be needed.

The major pitfalls of DKA treatment are as follows:"
= [nadequate potassium supplementation
= Failure to prevent hypoglycemia
» Recurrenceofketoacidosisduetoineflfective transitioning

from IV route to subcutaneous (SC) insulin therapy.

Management of euDKA is similar to classical DKA, but
only difference is that dextrose-containing fluids may be
required as an initial step during fluid resuscitation rather
than adding later during when level of glucose declines. The
other point is that glycosuria may last for days if DKA is due
to SGLT2i use, ™ hence there may be extended phase of fluid

resuscitation,

Assessing Diabetic Ketoacidosis Severity
The American Diabetes Association (ADA) classification is
shown in Table 1.

Management of Uncomplicated Diabetic
Ketoacidosis in Patient with COVID-19

Diabetic Ketoacidosis Management at Home

The point-of-care ketones testing kit is imprecise,” hence
any patient having raised ketones should be looked for other
signs of DKA. If clinically stable and taking oral fluids, should
consult their care team. However, any patient with rapid
decline in clinical parameter be urgently referred to nearby
health facilities.



TABLE 2: Summary

Population
pella Pediatric and
Manna adolescem
otal (2005]  patients with

DKA (N = 60)
Erstzeval.  Patients with
(2006) mild/moderate

DKA (n = 20)
Heia et al. Patients with
(2012) DM or DM2

n=61

Karolietal.  Patients with
(2011) mild/moderate

DKA (n = 50)

Umplerrez  Patients with
etal (2004) mild/moderate

DKA (n = 45)

Umpierrez ~ Patients with
etal (2004) uncomplicated

DKA (n = 40)

Inurwntmn Versig
conventional vy Protocol

SC lispra o

5 LS vinig g every
< NOUs until kg
mmal/L (e
inte

138
W magidL) then
val increased 10 vy

' hours untl resolution of
DKA

Single bolus njection ol 0,15
U/kg IV requiar sl then
0.075 units/kg every 1 hour
until resolution of DIKA

Glargine 0.25 units/ kg within
12 haurs of Initlatian of v
sl

SC lispro initlally 0.3 units/kg,
followed by 0.2 units/kg

1 hour later then
subsequently treated with
0.2 unit/kg every 2 hours
until BG <250 mg/dL, then
dose reduced to 0.1 unit/kyg
every 1 hour

SC aspart every 1 hour or
every 2 hours | -hour group:
Initial dose of 0.3 units/kg
followed by 0.1 units/kg
every | hour until BG <250
mg/dL dose reduced to 0.05
units/kg 2-hour group: Initial
dose of 0.3 units/kg followed
by 0.2 units/kg every 2 hours
untll BG <250 mg/dl. dose
reduced to 0.1 units/kg

SC lispro, managed on
medicine ward (n = 10)

or an Intermediate care
unit (n = 10) initlal dose of
0.3 units/kg followed by
0.1 units/kg every 1 hour
until BG <250 mg/dL dose
reduced to 0,05 units/kg
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Quteomes measured

Time o resolution of
LKA

Time ta resolution
of DEA; amoum

of insulin used
martality,
hypoglycemia rate

Rates of rebound
hyperglycemia

(BG > 180 mg/dL)
within 12 hours of
discontinuation ol IVI

Duration of treat-
ment and resalition
ol hyperglycemia
and ketoacldosis
Other endpoints: Total
length of hospitaliza:
tion, amount of In-
sulin administration,
hypoglycemia rate

Duration of
treatment anc
resolution of
hyperglycemin
and ketoacidosis
Other endpoints;
Total length of
hospitalization,
amaunt of insulin
adminlstratian,
hypoglycemia rate

Duratlon of
treatment and
resolution of
hyperglycemia
and Ketoacldosis
Other endpoints:
Total length af
haspltalization,
amount of insulin
administratian,
hypoglycemia rate

als (RCTS) in DKA and potential strategles in COVIDA19

Key findings

Hoth growups reached BG
<138 mmoll (<250 mg

dL) within & hours Metabaolic
acidosls and ketosis resolved
faster In contral growg (VD
Q5% (57/60) patients werne
treated in ED ancd did not

recuine adimission

Mo differences hetween
Groups with nespect 1o

time al resolution of DKA,
amount ol insulin use, rate of
hypog lycemis or mortality

« Rebound hyperglycemia
13.3% In Intervention
grou versis $3,5% (N
contral (P <0,001)

« Avolage lower glucose
lewvels In intervention
aroup (P <0.01)

« Nodifference in the mean
duration of treatment
and amount af insulin
required for conection

af hyperglycamia and
ketoacidosis

No differences in
maortality or LOS

-

Mo difference in mean
cluration of treatment until
resalutian of hyperglycemia
or ketoacidosis or rate of
hypoglycemia between
group

Notes For use in
COvID-19

I\'n'l'l' S hours
insulin dosing
outside of 1C1L
was ¢ITed Thve Dt
lightly slower to

resolution

Evary 1 haur
manitornng used

in bath groups

SC basal insulin
tluring IV can
Improve averall
plucose control
POSt-OKA; may
reduce rebound
KA

Cotild be adapted
o allow every

2 haur monitaning
and dasing until
DKA resolution

Every 2 hours
dosing was sale
anc effective

+ No difference In mean Medical ward
duration of treatmaent con be a sale
until resolution of hyper-  enviranment
glycemia or ketoacidosis  for Intensive SC
or rate of hypoglycemla  protocol though
between group every 1 hour

+ Treatment In ICU was monltaring used
assoclated with 39% inall groups
higher hospitalization
charges than was
treatment with
subcutaneous lspro in a
nonintensive care setting
(514,429 + 55,243 vy,

$8,801 + 65,549, P <01)

(DM1: disbetes mellitus type 1;: DM2: diabetes
‘_:iubtulaneous}

mellitus type 2: DKA: diabetic ketoacidosis; LOS: length of stay IV: Intravenaus; IVI: intravenous insulin;
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