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Management of diabetic ketoacidosis
Diabetic ketoacidosis (DKA) commonly requires
critical care admission. Guidelines, however,
provide differing recommendations [1, 2]. We
propose a pathophysiologybased approach to
management. DKA diagnosis and resolution
criteria are described in the Supplemental File.

Pathophysiology

The primary reason underlying the development of
DKA is insulin deficiency, either absolute or
relative in the context of an insult that generates
higher levels of counterregulatory hormones.

In the liver, the high glucagon-to-insulin ratio
increases gluconeogenesis and glycogenolysis
through enzymatic stimulation, further increasing
glycemic levels. In adipose tissue, the increased
glucagon-to-insulin  ratio  increases  lipolysis
through hormone-sensitive lipase and thus the
availability of circulating free fatty acids (FFA).
FFA undergo beta-oxidation in  hepatic
mitochondria with conversion to acetoacetate and
B-hydroxybutyrate  resulting  ketonemia  and
acidosis. Ketonemia is responsible for some
features of DKA such as nausea and vomiting,
abdominal ~ pain, and  ketone  halitosis.
Biochemically, a high anion gap acidosis is a
hallmark of DKA [3].

In most circumstances, blood glucose levels > 180 -
200mg/dL  (10-11 mmol/L) surpass maximum
glucose reabsorption capacity within the renal
proximal tubule. This results in increased
intratubular osmolarity and osmotic diuresis which
contributes to free water wasting and loss of
electrolytes such as sodium and potassium. [3-
hydroxybutyrate is excreted in the urine,
contributing to hyperchloremic metabolic acidosis
when excreted with sodium instead of ammonium.

Piéu tri Toan Keton do Pai thao dwong
Toan Keton do Dai thao duong (Diabetic
Ketoacidosis, DKA) thuong can phai nhap khoa
hoi sirc. Tuy nhién, cac hudéng dan dua ra nhiéu
khuyén cdo khac nhau. Chlng t6i s& dé xuat mot
phuong thic tiép can diéu tri dya vao sinh Iy bénh
hoc. Cac tiéu chuan chan doan dugc liét ké & cac
file dinh keém.

Sinh ly bénh hoc

Nguyén nhan cot 13i dua dén su xuat hién cia DKA
1a thiéu hut insulin, trc tiép hoic gian tiép trong
cac boi canh giy tang cao lugng hormone di lap
v6i  insulin  (nhu  glucagon, epinephrine,
norepinephrine) qua d6 lam tang duong mau.

O gan, ti 1¢ glucagon:insulin ting cao trong qua
trinh tan tao duong va ly giai glycogen (tién than
cua glucose) thong qua su kich hoat cua men, lam
ting cao néng dong duong mau. G md ma, ti 1é
glucagon:insulin tang 1én gay tang su ly giai m&
théng qua men lipase nhay-cam-véi-hormone va do
d6 day acid béo tu do (free fatty acids, FFA) vao
tuan hoan. Dudi qué trinh beta-oxi-hda (beta-
oxidation) ¢ ti thé trong té bao gan, phan acid béo
nay duoc chuyén d6i thanh acetoacetate va beta-
hydroxy-butyrate dua dén tinh trang ketone-mau va
toan héa. Ketone-méu gay ra nhiéu dic diém cua
DKA nhu budn ndn, 6i mira, dau bung, va hoi thd
ketone. V& mit sinh hoa, toan héa ting anion gap 1a
diém dic trung cua DKA.

Trong dai da s truong hop, mirc duong méau > 180
- 200mg/dL (10-11 mmol/L) vuot qua ngudng
duong ma ong lugn gan cua than co thé hip thu.
Diéu nay lam ting nong do thdm thau trong bng
than va do dé gdy loi niéu tham thau, gép phan cho
tinh trang mat nuée va dién glal nhu Natri va kali.
Beta-hydroxy-butyrate duogc tiét vao nudc tiéu, gop
phan gay ra tinh trang toan chuyén héa ting
chloride mau khi n6 dugc thai cung natri thay vi
ammonium.
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If this pathophysiological process is allowed to
continue, hypovolemia will impact glomerular
filtration, resulting in decreased glycosuria and
urinary excretion of ketoacids, further worsening
metabolic acidosis and hyperglycemia [3].

The combination of hyperglycemia, ketonemia and
acidosis represents the complete picture of DKA.
Exceptions exist, especially with the increasingly
common euglycemic DKA presentation related to
sodium/glucose transport protein 2 (SGLT2)
inhibitors [4]. Tubular inhibition of SGLT-2
enhances excretion and decreases the threshold for
filtered glucose reabsorption. With an intercurrent
event, counterregulatory hormone levels increase
and DKA ensues with normal-to-slightly-raised
glycemia. Not all features of DKA may be evident,
except for high anion-gap acidosis and ketosis.

Management
Three main issues should be addressed:
¢ Insulin to resolve the condition at its root
cause (glucagon-to-insulin ratio).
o Fluid repletion to correct hypovolemia (if
present) and total body water.
e Electrolyte replacement, with particular
attention to potentially life-threatening
shifts in serum potassium.

A first-do-no-harm approach is essential. At the
very outset, assess whether the patient has overt
signs of hypovolemia and urgently measure the
serum potassium level.

Co ché sinh bénh hoc nay néu cu tiép dién sé dua
dén tinh trang giam thé tich theo d6 anh huong dén
d6 loc cau than, 1am giam lugng dudng trong nuéc
tiéu ciing nhu su thai loai ketoacids, va tir d6 1am
nang hon tinh trang toan chuyén hda Ian tinh trang
tang duong mau.

Sy két hop giira ting duong mau, keton mau va
toan hoda v& nén mét birc tranh hoan chinh cua
DKA. C6 mot ngoai I¢, dac biét vai tinh trang mai
Xuat hién gan day 1a tinh trang DKA c6 duong mau
khéng ting do st dung thudc e ché protein dong
van natri/glucose  (Sodium/Glucose transport
protein 2 inhibitors, SGLT2 inhibitors). Su tc ché
ong than cuia SGLT-2 giy ting thai va giam
ngudng/kha ning tai hip thu glucose cua trong dich
loc. Nong do cac hormone ddi lap véi insuline
(counter-regulatory hormone) tang 1én, nhu mot sy
Kién trung gian, va DKA xay ra véi nong do duong
mau binh thuong hodc tang nhe. Toan bd cac triéu
chting cuia DKA theo d6 c6 thé khong hién dineej,
trir tinh trang toan hoa ting anion-gap va keton
mau.

Piéu tri
Co6 ba van @é can quan tam:

e Insulin gidp giai quyét goc ré van dé (1a ti
I¢ Glucagon:Insulin).

e B dich d diéu chinh tinh trang giam thé
tich (néu c6) lan lugng nudc cua toan co
thé.

e Diéu chinh dién giai, dic biét can cha y
nguy co de doa tinh mang do su di chuyén
cua kali tir té bao vao mau.

Dau tién, ding 1am gi ¢é hai cho bénh nhan, luén 1a
diéu can cha y. Panh gia xem bénh nhén c6 dau
hiéu giam thé tich rd rét va can ngay théng so kali
mau.
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If the patient has signs of hypovolemia, such as
hypo-tension and tachycardia, then administer 250—
500mL fluid boluses until its correction (usually
within 1 h of presentation). After this, guidelines
recommend a 250-500 mL/h infusion rate of
crystalloids ~ with  added  potassium  until
hyperglycemia is corrected, and then 150-250
mL/h until DKA is corrected. These rates are
largely expert guidance-based but are often
excessive and potentially harmful. With n-saline
such rates lead to a worsening hyperchloremic
acidosis [5, 6]. The clini-cian may not recognize
this and respond unwittingly by increasing the n-
saline infusion rate, further aggravating the
acidosis. We would advise using such fluid replace-
ment guidelines as a guide only and not an
absolute. We recommend titrating volume
replacement to patient need with regular re-
assessment of volume status. Patients vary in the
degree of volume replacement needed and may be
compromised by excess fluid. Buffered crystal-
loids should perhaps be favored over saline [7, 8],
though potassium replacement may need to be
given separately. We suggest that once
hypovolemia is corrected with fluid boluses, give
some fluid intravenously to allow potas-sium
replenishment but, as soon as nausea is no longer a
concern, give oral liquids to correct the total body
water deficit.

Before insulin is given, check serum potassium
levels. The patient is usually hyperkalemic because
of the con-comitant acidosis but may occasionally
be hypokalemic. In such situations, insulin infusion
is best delayed as this will further worsen the
hypokalemia. ldeally, adminis-ter < 20 mEq of
potassium per hour but, occasionally, more will be
necessary if serum levels become danger-ously
low. Continuous or intermittent; concurrent to a
fluid replacement or separately, potassium can be
admin-istered per clinician’s discretion. Levels
must be checked regularly due to transcellular
shifts during management and maintained within a
range of 3.5-5.5mmol/L. Even though the total
potassium deficit in DKA is often 600-800mEq,
this is mainly intracellular and does not need
aggressive replacement.

Néu bénh nhan c6 giam thé tich, nhu tut huyét &p
va mach nhanh, can bu 250-500mL dich cho dén
khi du (thuong trong vong 1 gio tir khi dugc phat
hién/ chan doan). Sau do6, theo cac huéng dan, can
truyén bu toc d6 250-500 mL/ gid(hr) véi dich tinh
thé kém bu kali cho dén khi duong mau duoc diéu
chinh va roi truyén theo téc doc 150-250 mL/ hr
cho dén khi giai quyét duoc tinh trang DKA. Téc
do truyén nay phan 16n dwa vao khuyén céo cua cac
chuyén gia nhung thong thuong c6 vé qua du thua
va cd thé gay hai. Néu bu véi Natrichlorid 0.9% (n-
saline) véi toc do trén c6 thé dan dén tinh trang
toan ting chlore mau. Cac nha 1am sang co thé
khong nhan biét tinh trang nay va vé tinh tiép tuc
tang tde do truyén n-saline, theo d6 lam nang hon
tinh trang toan hdéa. Chung t6i khuyén nghi rang
nén sir dung cac huéng dan bu dich mot cach twong
dbi. Viéc diéu chinh lugng va téc do dich truyén
nén tly vao ting truong hop sau khi tai danh gia
tinh trang thiéu dich. Do mdi bénh nhan c6 mét
mutrc do thiéu dich khac nhau, nén lwong dich bu
vao theo cdng thirc chung c6 thé s& qua du thira.
Nén chon cac loai dich tinh thé chira dién giai
(buffered crystaloids) dau viéc truyén bu kali cé thé
s& duoc thuc hién & mot duong truyén khéac cung
thoi diém. Ching t6i nghi rang mot khi giai quyét
duoc tinh trang giam thé tich bang b dich nhanh,
c6 thé tiép tuc truyén dich duong tinh mach dé bu
kali, nhung ching nao bénh nhan nén 6i, néu
khong nén dé bénh nhan udng nudc nham bu lai
lugng nudce con thiéu (total body water deficit).

Trudc khi bu insulin, can kiém tra kali mau. Bénh
nhan thuong tang kali do toan hoa di kem, nhung
thong thudng ¢ da sb truong hop xay ra tinh hudng
ha kali mau. O nhitng béi canh nay, nén tri hodn
truyén insulin khi tinh trang kali mau giam thap
hon. Ly tuéng 1a nén b < 20 mEq kali mdi gio,
nhung thuong thi s& can nhiéu hon néu ndng do
kali mau qua thip. Cau hoi tiép theo Ia liéu nén
truyén lién tuc hay ngat quang; cing hay tach biét
v6i b dich, cau tra 1oi 1a kali ¢ thé truyén theo
quyét dinh cua ting nha 1am sang. Can kiém tra
ndng d6 kali thudong xuyén dé giir trong khoang 3.5
- 5.5 mmol/L. Ngay ca khi luong Kali thiéu & DKA
& muc 600-800 mEq, cha yéu bj giam trong té bao,
thi ciing khong can thiét phai bd nhiéu hon.



Khuyén cao: Xin xem ban gdc tai ligu dé c6 trai nghiém tér hon vé mat ngdn ngir. Ban dich khong si: dung cho muc dich thirong mai.

After initial correction of hypovolemia and serum
potassium exceeds 3.5 mmol/L, start an insulin
infu-sion. The goal here is not only to correct
hyperglycemia but to correct acidosis, the hallmark
of DKA, by correct-ing the glucagon-to-insulin
ratio and reversing abnormal metabolic enzymatic
pathways and biochemical abnor-malities. Be
careful to avoid hypoglycemia, both for safety
reasons and as undue interruptions in insulin
infusion will delay DKA correction. Commence an
initial infu-sion rate of 0.1 U/Kg/h of rapid-acting
insulin and titrate as needed, aiming for a smooth
reduction in glycemia of 50-70mg/dL/h (2.7—
3.9mmol/L/h). Continue until the high end of
normoglycemia is reached (e.g.200-250mg/dL, 11—
14mmol/L). At this point, the patient has often
received sufficient initial sodium replacement so
10% glu-cose can be substituted enough to avoid
hypoglycemia (guidelines suggest 125mL/h but
lower rates may suffice) or the patient may be well
enough to take oral fluid and calories. If necessary,
continue n-saline but be careful about fluid
overload. The aim is to avoid hypoglycemia while
reducing insulin infusion to 0.05 U/Kg/h until DKA
correction is achieved. Alternative regimens to
intrave-nous insulin infusion exist (Tablel).

Bicarbonate infusion is generally discouraged due
solely to arbitrary pH levels [9] but could be
considered in circumstances such as a low strong
ion  difference  man-ifest by  concurrent
hyponatremia and significant hyper-chloremia. In
such rare circumstances, administer a slow isotonic
infusion with careful monitoring of serum potas-
sium levels and the Na+-Cl-— gap. Serum
phosphate lev-els should not usually either be
ordered nor replenished.

Take-home message

Knowledge of DKA pathophysiology allied to
current evi-dence may better guide DKA
management. In Table - 1, we present seven myths
of DKA pathophysiology that the clinician should
be aware of. Although a rigid prescrip-tive
approach may prove adequate in many situations,
pathophysiological reasoning is necessary for the
increas-ingly more common atypical situations and
for managing patients  with  underlying
comorbidities.

Sau khi diéu chinh tinh trang giam thé tich va Kkali
d3 ting trén 3.5 mmol/L, bat dau bu insulin. Muc
tiéu ¢ day khong chi 1a diéu chinh duong méu ma
con la tinh trang toan hoa, mét dac trung ciia DKA,
bang cach diéu chinh ti 1¢ glucagon:insulin ciing
nhu dao nguoc cac bat thuong sinh héa 1an co ché
chuyén héa men ma gay ra DKA. Can than trong
tranh tinh trang ha duong mau, vi hai ly do: (1) an
toan va (2) tranh lam gidn doan mot cach khong
thich dang viéc truyén insulin, boi s& lam tri hoan
viéc diéu chinh tinh trang DKA. Bét du bu insulin
v6i toc do6 0.1 Ulkglgio bang insulin tac dung
nhanh va diéu chinh néu can, véi muc tiéu 1a giam
déu dian dudong mau tam 50-70mg/dL/hr (2.7-3.9
mmol/L/h). Tiép tuc truyén cho dén khi dudng méu
vé mirc binh thudong cao (vi du, 200-250 mg/dL,
hay 11-14 mmol/L). Téi muc nay, bénh nhan
thuong da dugc bu du dich, nén co thé bat dau bl
thém Glucose 10% 1a du dé tranh tinh trang ha
dudng mau (cac huéng dan dé nghi 125mL/h, téc
d6 thap hon c6 thé ciing du rdi) hoic cé thé cho
bénh nhan an hoic ubng. Néu can thiét, tiép tuc bu
n-saline nhung can than roi vao trang thai qua tai
dich. Muc tiéu la tranh ha duong mau trong khi
giam liéu truyén Insulin con 0.05/kg/h cho dén khi
DKA hoan toan dugc giai quyét. Cac lya chon diéu
tri truyén insulin tinh mach khac duoc ghi & Bang
1.

No6i chung y vin khong khuyén khich truyén
bicarbonate chi dé diéu chinh pH mau nhung cé thé
can nhic trong tinh hudng chénh léch giita Natri va
Chlore qué thap (Strong lon Difference, SID) do
cung luc xay ra tinh trang ha natri mau va tang
chlore mau. O nhitng tinh huéng hiém hoi nhu vy,
truyén cham dich dang truong va theo dai can than
nong do kali 1an hiéu sb cua 2 ion Natri va Chlore.
Khoéng can bu 13n theo ddi ndng do Phosphate méu.

Tom lai
Hiéu biét vé sinh bénh hoc ciia DKA cling viéc cap
nhat cac nghién ctu s& giup diéu tri DKA tét hon.
O bang 1, ching t6i néu ra bay diém hay bi hiéu
lam trong sinh bénh hoc DKA ma cac nha 1am sang
nén biét. DU ring viéc tiép can diéu tri theo khudn
mau c6 thé giai quyét dugc da sb cac tinh hudng
lam sang, nhung cac 1ap luan theo goéc nhin cua
sinh bénh hoc sé& can thiét gidp giai quyét dugc cac
truong hop méi la ngay cang nhiéu, hoic nhu & céc
bénh nhan vai nhiéu bénh ly nén.
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Bing 1: Bay hiéu lam thwong gip vé sinh bénh hec va diéu tri DKA

1. DKA 1a tinh trang ma bénh nhan thiéu dich cuc ky nhiéu va can phai bu dich lweng lén (vi du,
100mL/kg)

e DU c6 thé mit mot lugng dich dang ké qua than do tinh trang ting dudng mau, dic biét trong mot thoi
gian dai, nhung giam thé tich méau thuc su s& ludn xay ra néu bénh nhan khong uéng dwoc do budn
ndn hoic 6i mira. Co thé ludn bu trir véi tinh trang loi niéu thim thau thong qua viéc thém khat, dugc
kich hoat bai cac thu thé cam nhan thé tich tuin hoan va cac co ché hormone-than kinh khac, va do do
lam bénh nhan phai ty uéng b nuéc.

e Mot vai bénh nhan c6 thé khdng giam thé tich, vi du, bénh nhan dang loc than dinh ky hoic ¢ bénh
nhan DKA ding tich, bai luong dich mét khdng nhiéu.

2. NaCl 0.9% la tri liéu chudn dé bu dich trong DKA
e NaCl 0.9% gay toan tang Chlore do diéu tri va khdng ngira dugc tinh trang phi néo.
e Dich tinh thé chtra ion nhu Plasmalyte-148 hoic dung dich Hartmann s& gitip mau chong diéu chinh
pH nhung khéng gitip giam dugc anion-gap. Tuy nhién, cé thé phai bu thém kali.

3. Toc dd truyén dich theo can ning la can thiét trong diéu tri DKA
e Truyen bu dich véi toc d6 chdm hon c6 the gilp giam thiéu tinh tang toan hoa tang chlore, giam qua
tai dich, va khéng anh hudng dén toc do chung trong diéu tri DKA. Can ca thé héa.

4. C6 méi twong quan tuyén tinh (linear relationship) trong viéc diéu chinh Natri theo Glucose
e Chung khong twong quan tuyén tinh.
e Y nghia l4m sang cua viéc diéu chinh natri theo ndng do glucose luén khong dang ké, boi do tham
thiu cua dich khéng anh huéng dén tée d6 phi ndo mot cach c6 ¥ nghia trén 14m sang.

5. Toan ting Chlore mau trong DKA 1a hau qua don thuin dén tir diéu tri
e Toan hoa ting chlore khong chi do truyén dich c6 ndng do natri cao véi lwong 16n, ma con do d6 nang
ciing nhu khoang thoi gian xay ra DKA truéc khi duoc phat hién va diéu tri.
e Trong DKA, sy tai hap thu chlore ¢ than ting 1én giup than thai ketonacid nhiéu hon, dic biét 1a thé
beta-hydroxybutyrate.

6. Nén diéu tri DKA chi bing truyén Insulin tinh mach
e O bénh nhan khdng qua ning, cé thé tiém dudi da insulin-siéu-nhanh (ultra-rapid, khai phat sau 4-7
phat) (liéu truyén 0.1 U/kg/h) c6 thé gidp giam thoi gian diéu tri DKA va tranh dwoc viéc phai truyén
insulin tinh mach.
e Vi cac insulin tac dung tac dung rat dai hién nay, chi nén dung liéu thip (thuong 1a 0.2 U/kg) & bénh
nhan ¢6 DKA nang lc bat dau diéu tri. Didu nay gidp tao su chuyén tiép ém dep hon tir viéc truyén
insulin tinh mach sang insulin tiém dudi da.

7. Céc tiéu chuin diéu tri DKA phai gdom glucose mau va keton mau

e pH > 7.3 va bicarbonate > 15 mEg/L Ia tiéu chuan téi thiéu dé dat dugc muc dich diéu tri DKA.

e Diéu chinh duoc tron ven tinh tang ting dudng mau khdng chic s& xoay chuyén dwoc hoan toan tinh
trang DKA, va thyc ra ciing khong can thiét.

e DU céc xét nghiém keton mau tai givong gitp dua ra mau chong chan doan DKA, nhung keton mau
khong phai la myc tiéu diéu tri thuong quy khi xem Xét gitta cac phuong phap tiép can diéu tri khac
nhau. Chua c6 nghién ctu nao khang dinh viéc phai theo d6i t6i wu nhu thé ndo, mic giam bao nhiéu,
1a can thiét cho diéu tri.

e Xoa duogc khoang tréng Anion Gap 1a yéu t6 xét nghiém tét nhat trong viéc diéu tri DKA boi né gidp
tranh duoc yéu té nhiéu 1a tinh trang toan héa tang chlore va co thé dé dang danh gia thong qua chénh
léch giira Natri va Chlore trong da s6 tinh huéng.
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Table 1 Seven myths about diabetic ketoacidosis pathophysiology and management

Myth 1: DKA is a state of extreme hypovolemia with a need for large volume resuscitation (e.g. 100 mL/Kg)

Although substantial renal losses can occur due to hyperglycemia, especially over a longer duration, true hypovolemia usually ensues when patients
are unable to drink due to nausea and vomiting. The body usually compensates for osmotic diuresis through increased oral intake through activation
of physiologically effective circulating volume operators such as increased thirst and other neuro-hormone pathways

Some patients may not be hypovolemic, e.g. patients undergoing chronic dialysis or those with euglycemic DKA, where fluid losses are smaller
Myth 2: NaCl 0.9% should be the standard of care for volume repletion in DKA
NaCl 0.9% causes iatrogenic hyperchloremic acidosis and does not prevent cerebral oedema [5]

Buffered crystalloids such as Plasmalyte-148% or Hartmann's solution will hasten pH correction but with no difference in anion-gap closure [6, 7]. Potas-
sium replacement may however need to be given separately

Myth 3: Weight-fixed fluid infusion rates are necessary for the treatment of DKA

A lower rate of fluid infusion leads to less hyperchloremic acidosis, reduces the risk of fluid overload, and does not affect overall DKA correction rates [5].
Treatment should be personalized to patient needs

Myth 4: Glucose-corrected serum sodium follows a linear relationship
A non-linear relationship for glucose-corrected serum sodium is most likely [10]

The clinical significance of glucose-corrected serum sodium is usually low since fluid tonicity does not influence the rate of clinically significant cerebral
oedema [5]

Myth 5: Hyperchloremic acidosis in DKA is the sole consequence of iatrogenesis

Hyperchloremic acidosis is not only a function of large volumes of salt-containing solutions, but also of the severity and duration of DKA before treat-
ment is started

In DKA, renal reabsorption of chloride is increased to allow renal excretion of ketoacids, especially B-hydroxybutyrate [3]
Myth 6: DKA should be treated only with intravenous insulin

In patients who are not very sick, an ultra-rapid subcutaneous insulin regimen (hourly dose of 0.1 U/Kg) may shorten time to DKA treatment and avoid
the need for intravenous insulin [11]

With current very long-acting insulins, it is advisable to use only small doses (usually 0.2 U/Kg) in patients with severe DKA at the onset of treatment.
This allows a smoother transition from an IV to a SC insulin regimen

Myth 7: DKA correction criteria include glucose levels and ketonemia
pH>7.30 and bicarbonate> 15 mEg/L are the usual minimum criteria for DKA correction
Full correction of hyperglycemia does not ensure DKA reversal, neither is it necessary

Although point-of-care ketonemia may hasten the diagnosis of DKA [12], its use as a routine treatment target has not been compared to standard
approaches [13]. Optimal monitoring and rate of reduction have not been identified

Anion-gap closure is the best lab surrogate for DKA reversal as it is devoid of confounding by hyperchloremic acidosis and can be easily assessed
through the Na-Cl gap [14, 15] in most circumstances




