
Published by Baishideng Publishing Group Inc

World Journal of 
Diabetes
World J Diabetes  2018 December 15; 9(12): 206-257

ISSN 1948-9358 (online)



-----=

 

Contents Monthly  Volume 9  Number 12  December 15, 2018

December 15, 2018|Volume 9|Issue 12|WJD|https://www.wjgnet.com I

           EDITORIAL
206	 Role of vitamin C in diabetic ketoacidosis: Is it ready for prime time?

Casillas S, Pomerantz A, Surani S, Varon J

             REVIEW
209	 Treatment approach to type 2 diabetes: Past, present and future

Blaslov K, Naranđa FS, Kruljac I, Pavlić Renar I

             MINIREVIEWS
220	 Unexpected alliance between syndecan-1 and innate-like T cells to protect host from autoimmune effects 

of interleukin-17

Jaiswal AK, Sadasivam M, Hamad ARA

226	 Guidelines and controversies in the management of diabetic ketoacidosis – A mini-review

Islam T, Sherani K, Surani S, Vakil A

230	 Effects of glucose-lowering agents on cardiorespiratory fitness

Hamasaki H

             ORIGNAL ARTICLE

             Basic Study
239	 Pathological changes in the cellular structures of retina and choroidea in the early stages of alloxan-

induced diabetes

Danilova I, Medvedeva S, Shmakova S, Chereshneva M, Sarapultsev A, Sarapultsev P

             Observational Study
252	 Using real world data to assess cardiovascular outcomes of two antidiabetic treatment classes

Stapff MP



Contents
World Journal of Diabetes

Volume 9  Number 12  December 15, 2018

ABOUT COVER

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li	             Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Han Song	             Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

December 15, 2018|Volume 9|Issue 12|WJD|https://www.wjgnet.com II

AIM AND SCOPE

Editorial Board Member of World Journal of Diabetes , Fernando Cordido, MD, 
PhD, Professor, Department of Medicine, University A Coruña, Coruña 15006, 
Spain

World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 1948-9358, DOI: 10.4239), 
is a peer-reviewed open access academic journal that aims to guide clinical practice and 
improve diagnostic and therapeutic skills of  clinicians.

WJD covers topics concerning α, β, δ and PP cells of  the pancreatic islet, the effect 
of  insulin and insulinresistance, pancreatic islet transplantation, adipose cells and obesity.

We encourage authors to submit their manuscripts to WJD. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great clinical significance.

World Journal of  Diabetes is now indexed in Emerging Sources Citation Index (Web of  
Science), PubMed, and PubMed Central, Scopus, China National Knowledge Infrastructure 
(CNKI), and Superstar Journals Database.

INDEXING/ABSTRACTING 

NAME OF JOURNAL 
World Journal of  Diabetes

ISSN
ISSN 1948-9358 (online)

LAUNCH DATE
June 15, 2010

FREQUENCY 
Monthly

EDITOR-IN-CHIEF
Timothy R Koch, MD, Doctor, Professor, (E-mail:
timothy.r.koch@medstar.net)Georgetown University 
School of  Medicine, Department of  Surgery, Center for 
Advanced Laparoscopic General and Bariatric Surgery, 
MedStar-Washington Hospital Center, Washington, DC 
20010, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at https://

www.wjgnet.com/1948-9358/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director
World Journal of  Diabetes
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

PUBLICATION DATE
December 15, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non-commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opinions 
of their authors, and not the views, opinions or policies of 
the BPG, except where otherwise explicitly indicated.

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
https://www.f6publishing.com



Abstract
Diabetic ketoacidosis (DKA) is a complication seen in 
patients with both type 1 and type 2 diabetes. Due to 
its large, growing economic impact with associated 
morbidity, closer look at proper management is im­
portant. Factors involved in appropriate management 
involves fluid resuscitation, insulin regimen, and elec­
trolyte replacement including types of fluid and insulin 
treatment. The caveat with generalized protocol is 
application to special populations such as renal or 
heart failure patients the sequelae of complications 
due to pathophysiology of the disease processes. This 
leads to complications and longer length of stay in 
the hospital, therefore, possibly increased cost and 
resource utilization during the hospitalization. This 
review takes a closer look at current guidelines of DKA 
management and resource utilization, the drawbacks of 
current management protocols and the cost associated 
with it. Therefore, a need for amendment to existing 
protocol or initiation of a newer guideline that properly 
manages DKA should incorporate special populations 
and appropriate regimen of fluid resuscitation, insulin 
therapy and electrolyte management. 

Key words: Diabetic ketoacidosis management; Fluid 
resuscitation; Insulin regimen; Electrolyte replacement

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Diabetic ketoacidosis (DKA) management in 
both type 1 and type 2 has been in practice for many 
years, yet the complications and cost associated with 
it is ever increasing. Treatment with proper resource 
utilization is the key to appropriate management of 
DKA, decreased complications and length of stay, the­
refore, decreased cost of treatment. This review aims 
to review previous guidelines, choice of therapy, cost 
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associated with it and need for amendments to exis­
ting protocols to increase efficacy of DKA treatment, 
decrease complications and decrease economic burden 
due to mismanagement of DKA.

Islam T, Sherani K, Surani S, Vakil A. Guidelines and con
troversies in the management of diabetic ketoacidosis – A mini-
review. World J Diabetes 2018; 9(12): 226-229  
URL: https://www.wjgnet.com/1948-9358/full/v9/i12/226.htm  
DOI: https://dx.doi.org/10.4239/wjd.v9.i12.226

INTRODUCTION
Diabetic ketoacidosis (DKA) is a metabolic disorder 
that is common but preventable complication of diabetes 
often, as a result of insulin deficiency[1]. The metabolic 
disorder itself is hyperglycemia with increase in ketones 
circulating in the body leading to ketoacidosis[2]. DKA 
is a significant contributor of mortality and morbidity 
in type 1 diabetes mellitus (T1DM) patients and most 
common reason for hospitalization of T1DM patients 
and therefore contributes significantly to hospital costs. 
Healthcare costs in events of ketosis are high in pa­
tients with T1DM patients, adults and children alike. 
The number of hospital admissions secondary to DKA 
have steadily increased worldwide with a decrease 
in total length of stay[3]. The in-hospital mortality has 
decreased, however the cost of hospitalizations has 
increased significantly[4]. This literature review focuses 
to analyze the current practice and guidelines followed 
for the management of DKA.

SEARCH
MEDLINE (via PubMed) and EMBASE databases were 
searched for articles published between 1 January 2000 
and 31 December 2017 (date of search execution) by 
a single review author. The terms used to search the 
databases for relevant articles were - “Management of 
DKA”, “Guidelines for DKA” and “Cost/Burden of DKA”. 
Only human studies published in English were included.

TREATMENT STRATEGY FOR DKA
Management of DKA includes optimizing volume status, 
glucose levels, ketoacidosis, electrolyte abnormalities 
and precipitating factors. The current protocols for 
DKA management calls for fluid resuscitation with 
goal of volume repletion within 24-36 h with 50% of 
resuscitation fluid administered within first 8-12 h of 
presentation[5]. Protocols are in place to optimize DKA 
management. Prior to protocol implementation, the 
mean intensive care unit (ICU) unit stays were 44+/-28 
h, and hospital lengths of stay were 91+/73 h. After 
implementation of protocols, ICU stays have decreased 
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23% to 34+/18 h. and mean hospital lengths of stay 
have decreased 30% to 64+/41 h of stay[6].

Current guidelines recommend initiating volume 
repletion with isotonic saline (0.9% NaCl). Further 
volume repletion with the type of IV fluid is based on 
corrected serum sodium. To manage hyperglycemia, 
current guideline has options for insulin use either via 
intravenous or Subcutaneous/Intramuscular route. The 
other focus of therapy is to correct electrolytes (particu­
larly sodium, potassium, phosphorus and magnesium) 
as necessary and avoid over correction. With manage­
ment of DKA comes management of acid/base level 
as well. Bicarbonate supplementation is recommended 
only for pH < 6.9.

CONTROVERSIES
Although the mainstay in DKA management is regular 
insulin either via either IV continuous infusion or fre­
quent subcutaneous or intramuscular injections, the 
question remains regarding the bolus dose of insulin, 
ideal route of insulin therapy and the cost associa­
ted with it. According to current guidelines of DKA 
management, an IV insulin bolus dose is recommen­
ded followed by continuous infusion. However, in a 
prospective observational study it was observed that 
administration of an initial bolus dose of insulin was 
not associated with significant benefit to DKA patients 
and was noted to be on similar efficacy and results 
when compared to patients who were not administered 
bolus dose of insulin[7]. On the other hand, for most 
practicing clinicians and experts, IV regular insulin 
after initial bolus dose of insulin still remains the prefe­
rred route due to delayed onset of action[8]. Although 
treating patients with IV insulin causes rapid decline 
in plasma glucose and ketone levels, the cost of DKA 
treatment with IV insulin is higher due to management 
of DKA requiring ICU admission or specialized care unit 
requiring continuous IV insulin infusion[9]. In a recent 
small randomized study including 3 studies in adults and 
1 study including pediatric population, it was observed, 
patients with mild-to-moderate DKA, SC insulin lispro 
every 1 to 2 h conferred an alternative to continuous IV 
regular insulin[10].

EFFICACY OF PROTOCOL DRIVEN 
TREATMENT
Studies have shown that protocol driven management 
of DKA is safe and efficient with decreased length of 
stay[11]. In a retrospective study, the efficacy of protocol 
driven management of DKA was studied in teaching 
hospital in the United States based on 2009 American 
Diabetes Associations guidelines. Patients undergoing 
this protocol had resolution of DKA within approxima­
tely 10 h[12]. However, the protocol driven care of DKA 
differs based on different institutions. For example, 
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retrospective study in the United Kingdom showed 
that universal protocol was not adhered for reasons 
including patient and clinician factors[13]. Other studies 
revealed that low adherence was prevalent as a result 
of discontinuation of medical care, staffing issues[14].

SPECIAL POPULATION
Another deficit of following current protocols is the 
failure to address DKA management in special patient 
populations such as patient with chronic kidney dis­
ease or congestive heart failure or both. For example, 
in chronic kidney diseases (CKD) patients, osmotic 
diuresis due to hyperglycemia fails to occur, therefore 
leading to extracellular volume expansion. If according 
to current protocol fluid resuscitation is undertaken 
fatal consequences can pursue. Similarly, potassium 
replacement is vital in management of DKA. Potassium 
excretion is often impaired in patients with renal injury 
or failure. Therefore, potassium supplementation accor­
ding to current protocol can result in life-threatening 
hyperkalemia. In addition, insulin is renally excreted, 
therefore, dose adjustment of insulin is needed in 
CKD patients[15]. Application of general DKA protocol 
to all patient populations can be dangerous to patients 
leading to complications and longer hospital stays. 
General DKA protocol in renal or heart failure patients 
can be detrimental due to over treatment with fluids 
and exacerbating fluid status and the sequelae ass­
ociated in such fluid sensitive patient populations. 
Therefore, increasing costs of for hospitalization and 
treatment of DKA.

NEW GUIDELINES/RECONSIDERATION
In a review study of efficacy of DKA treatment accor­
ding to Joint British Diabetes Society protocol, it was 
revealed that guideline adherence in DKA management 
is of benefit in the immediate stage of treatment. But 
inadequate fluid or electrolyte management, inade­
quate metabolic monitoring, iatrogenic hypoglycemia 
continues to be area of concern[16]. This often precludes 
to avoidable consequences that leads to longer duration 
of hospital course, cost, both health and economic, 
associated with mismanagement of DKA for patients. 
Therefore, it seems appropriate to highlight the need 
for nursing education on timely administration of fluids, 
hourly laboratory draws, and administration of insulin. 

Due to hyperglycemia in DKA causing osmotic diu­
resis and severe dehydration, the mainstay of treat­
ment is rehydration. Traditional treatment as mentioned 
above is “one bag protocol (1 liter/bag)” with normal 
saline and supplemental electrolytes vs “two bag pro­
tocol (1 liter/bag)” that includes two bags of fluids, one 
containing saline and supplemental electrolytes and 
another bag containing same solution with additional 
10% dextrose. Closure of anion gap was noted to be 

earlier (10 h) with “two bag protocol” compared to “one 
bag protocol” (14 h). Hyperglycemia was also noted to 
improve faster in “two bag protocol” (7 h) compared to 
“one bag protocol” (9 h)[17]. Whether or not this affects 
length of hospital stay in the long term is difficulty to 
assess but should be explored in future prospective 
studies. Similarly, prospective studies on efficacy and 
cost effect on treatment of DKA with subcutaneous 
insulin vs IV insulin infusion need to be pursued.

CONCLUSION
Given the increasing cost burden on management 
of diabetes, with large proportion attributed to DKA 
management and hospitalization, it is appropriate to 
readdress guidelines for management of DKA. While 
current protocol for DKA management has been stan­
dard use, it is important to address the efficacy of it. 
Therefore, there is a need for new protocol where treat­
ment with subcutaneous insulin vs IV insulin infusion, 
“one bag protocol” vs “two bag protocol,” and manage­
ment of DKA in special populations should be addressed. 
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