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ABSTRACT
Traumatic severe brain injury is a fatal injury, with a 
mortality	 rate	 of	 up	 to	 50%.	 About	 1.5	 million	 people	
experience	severe	brain	 injury	 in	 the	United	States.	There	
are	 more	 than	 50,000	 deaths	 and	 500,000	 incidents	 of	
permanent	neurological	 sequelae.	About	85%	of	mortality	
occurs	in	the	first	2	weeks	after	the	injury.	One	complication	
of	a	severe	brain	injury	is	diabetes	insipidus.	There	are	no	
definitive	 data	 on	 the	 incidence	 of	 diabetes	 insipidus	 in	
patients	 with	 traumatic	 severe	 brain	 injury	 of	 Indonesia	
so	far.	In	this	case	report,	a	male,	45	years	old,	was	taken	
to	 the	 Emergency	 Installation	 (IRD)	 after	 experiencing	 a	
traffic	 accident	 12	 hours	 before	 being	 hospitalized.	After	
surgery,	 the	 signs	 of	 diabetes	 insipidus	 was	 presented	 by	
polyuria	of	300cc	 /	hour	urine	production	and	149mmol	 /	
L	hypernatremia,	although	the	immediate	administration	of	
desmopressin,	 the	patients	 clinical	 and	hemodynamic	was	
not	shown	any	improvements.	The	patient	passed	away	in	the	
days	five	of	treatment	in	the	Intensive	Care	Unit	(ICU).	The	
main	 treatments	 for	diabetes	 insipidus	 in	 traumatic	 severe	
brain	 injury	 are	 adequate	 rehydration	 and	 administration	
of	 desmopressin.	 Adequate	 hypovolemic,	 polyuric	 and	
hypernatremia	 corrections	 are	 the	 keys	 to	 the	 successful	
treatment	of	diabetes	insipidus.	Diabetes	insipidus	in	cases	
of	 brain	 injury	 requires	 complicated	 treatment.	Therefore,	
in	the	case	of	being	handled	improperly,	it	can	bring	death.	

Keywords:

Diabetes insipidus, brain injury, 
hypernatremia, desmopressin, ICU

Correspondence: 
yud180987@yahoo.com

ABSTRAK

Cedera otak berat traumatis adalah cedera fatal, dengan tingkat kematian hingga 50%. Sekitar 1,5 
juta orang mengalami cedera otak berat di Amerika Serikat. Terdapat lebih dari 50.000 kematian 
dan 500.000 insiden gangguan neurologis permanen. Sekitar 85% kematian terjadi dalam 2 minggu 
pertama setelah cedera. Salah satu komplikasi dari cedera otak yang parah adalah diabetes insipidus. 
Tidak ada data pasti tentang kejadian diabetes insipidus pada pasien dengan cedera otak traumatis 
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dan	500.000	insiden	gangguan	neurologis	permanen.	Sekitar	85%	kematian	terjadi	dalam	2	minggu	
pertama	setelah	cedera.	Salah	satu	komplikasi	dari	cedera	otak	yang	parah	adalah	diabetes	insipidus.	
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

98

ABSTRACT 

Around 25% of people with diabetes experience diabetic 
foot ulcers in their lives, accompanied by infections due to 
various types of bacteria. Infection due to Gram-negative 
and Gram-positive bacteria are reported to have different 
inflammation patterns, where the latter being reported to 
have a higher mortality rate. This study was an analytic 
observational study with a cross-sectional design to 
determine the relationship between bacterial characteristics 
and mortality in diabetic foot ulcers. Data were obtained 
from medical records of diabetic ulcer patients admitted 
to Dr. H. Abdul Moeloek General Hospital, Lampung, in 
2017–2020. There were 131 diabetic foot ulcers patients 
identified, with the median age of the subjects was 53 
years, 43.5% of the subject were male, and 56.5% were 
female. The mean hemoglobin was 9.3 g/dl, WBCs were 
19.0 ×103/ml, and platelets were 422.1 ×103/ml. The mean 
length of stay in the hospital was 10.7 days. Eighteen 
subjects died during the hospital stay, with 15 of them 
were from the Gram-negative monomicrobial group. The 
results of the Fischer Exact test on mortality and bacterial 
characteristics among monomicrobial infections (p=0.688) 
indicate no relationship between the characteristics of the 
infectious pathogen and mortality in diabetic foot ulcers.
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

INTRODUCTION

A diabetic foot ulcer is the most common 
complication of diabetes mellitus. Around 
25% of patients with DM will develop a 
diabetic foot ulcer in their lifetime (Jeyaraman 
et al., 2019). This condition occurs due to 
a combination of neuropathy, lower leg 
biomechanical disorders, peripheral artery 
disease, and poor wound healing due to 
diabetes (Powers, 2015). A diabetic foot ulcer 
can be accompanied by infections, ranging 
from simple superficial cellulitis to chronic 
osteomyelitis (Amin and Doupis, 2016).

Infection in diabetic foot ulcers is caused by 
various types of bacteria, whose characteristics 
depend on the disease’s severity and 
geographic location. In North America and 
Europe, the main bacteria causing infection in 
diabetic foot ulcers are aerobic Gram-positive 
cocci, especially S. aureus and Streptococcus, 
and coagulase-negative Staphylococcus. 
Meanwhile, the leading cause of diabetic foot 
ulcers in tropical/subtropical regions is aerobic 
Gram-negative bacilli, both as monomicrobial 
or polymicrobial infection (Lipsky et al., 
2020). Mild infection in diabetic ulcers is 
usually caused by Gram-positive bacteria, 
while more severe infections usually involve 
anaerobic and Gram-negative bacteria (Goh et 
al., 2020).

Infection with Gram-negative and Gram-
positive bacteria are reported to have 
different mechanisms in causing clinical 
manifestations. Lipoteichoic acid in Gram-
positive bacteria and lipopolysaccharides in 
Gram-negative bacteria cause different host 
responses, which will result in a different 
inflammation pattern (Surbatovic et al., 2015). 
Infection by Gram-negative bacteria has been 
associated with high morbidity and mortality 
rates (Blot, 2019; Maskarinec et al., 2020). 
This study was conducted to determine the 
relationship between bacterial characteristics 

and mortality in diabetic foot ulcers based on 
that analysis.

METHODS

This study was an observational analytic 
study with a cross-sectional design to 
determine the relationship between bacterial 
characteristics and mortality in diabetic foot 
ulcers. This research was conducted at Dr. H. 
Abdul Moeloek General Hospital, Lampung 
Province. The data were obtained from the 
medical records of diabetic foot ulcers patients 
admitted to the internal medicine ward of Dr. 
H. Abdul Moeloek General Hospital, Lampung 
Province, in 2017–2020. Ethical clearance was 
obtained from the Medical Faculty of Lampung 
University and the hospital authority before 
this study’s commencement (Ethical clearance 
number: 1379/UN26.18/PP.05.02/00/2020).

The subjects of this study were 131 patients 
meeting the inclusion criteria. The inclusion 
criteria are the completeness of medical record 
data, which includes including demographic 
data (gender and age), laboratory tests (complete 
blood count, blood chemistry, and pus culture 
results taken prior to the administration of 
empirical antibiotics on admission), and 
clinical outcomes (length of hospital stay 
and in-hospital mortality). Subjects receiving 
antibiotics therapy within 72 hours prior to the 
collection of the pus sample were excluded 
from this study. The data obtained were 
analyzed with univariate and bivariate analysis, 
performed with the Fisher’s Exact test. Data 
were processed with SPSS Statistics v22.0. The 
test result was considered to be significant if the 
p-value is less than 0.05.

RESULTS

The subjects of this study were 131 patients 
with diabetic foot ulcers. The characteristics 
of research subjects are presented in Table 1. 
The median age of the study subjects was 53 
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

years. The subjects in this study consisted of 57 
(43.5%) males and 74 (56.5%) females. Among 
patients with diabetic foot ulcers, 111 subjects 
had a monomicrobial infection, and ten subjects 
had a polymicrobial infection. Gram-negative 
bacteria were identified in 114 subjects, while 
Gram-positive bacteria were found in 17 
subjects. Enterobacter spp. and Staphylococcus 

spp. were the most common Gram-negative 
and Gram-positive microorganisms found, 
respectively (shown in Table 2). The subjects’ 
median in-hospital length of stay was 10.7 
(5.9) days, and 18 (13.7%) subjects died during 
the hospital stay. The median hemoglobin test 
result was 9.3 (2.0) g/dl, the median WBC 
count was 19.0 (7.8) ×103/ml, and the median 
platelet count was 422.1 (170.2) ×103/ml.

18 (13.7%) subjects died during the hospital stay. The median hemoglobin test result was 9.3 
(2.0) g/dl, the median WBC count was 19.0 (7.8) ×103/ml, and the median platelet count was 
422.1 (170.2) ×103/ml. 

 

Table 1. Characteristics of the subjects (N=131) 
Characteristics n (%) Median (SD) 

Median age (years)  53 (31-87) 
Sex   

Male 57 (43.5%)  
Female 74 (56.5%)  

Pus culture result   
Gram-positive bacteria 17 (12.9%)  
Gram-negative bacteria 114 (87.1%)  

Length of hospital stay (days)  10.7 (5.9) 
In-hospital Mortality 18 (13.7%)  
Hemoglobin (g/dL)  9.3 (2.0) 
WBC count (×103/mm3)  19.0 (7.8) 
Platelet count (×106/mm3)  422.1 (170.2) 

 

Table 2. Bacteria Found in the Diabetic Ulcers based on Microbial Culture (N=131) 

Bacteria Frequency (n) Percentage (%) 
Gram-negative   

Enterobacter spp. 33 25.2 
Klebsiella spp. 27 20.6 
Proteus spp. 21 16 
Pseudomonas spp. 17 12.9 
Others 16 12.2 

Gram-positive   
Staphylococcus spp. 14 10.7 
Streptococcus spp. 3 2.3 

 

The relationship between mortality and bacterial characteristics among diabetic foot ulcers 
patients with monomicrobial infection was analyzed and is presented in Table 3. Based on 
statistical analysis, it was found that there was no significant relationship between bacterial 
characteristics and mortality in diabetic foot ulcers patients. 

 

Table 3. Relationship Between Bacterial Characteristics and Mortality 
 Mortality p-value  + - 
Gram-negative  15 (15.3%) 83 (84.7%) 0.688a 
Gram-positive  1 (7.7%) 12 (92.3%) 

aFischer's Exact test was applied 
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

The relationship between mortality and 
bacterial characteristics among diabetic foot 
ulcers patients with monomicrobial infection 
was analyzed and is presented in Table 3. 
Based on statistical analysis, it was found that 
there was no significant relationship between 
bacterial characteristics and mortality in 
diabetic foot ulcers patients.

DISCUSSION

The characteristics of an infectious pathogen 
are reported to influence the mechanism 
of the host’s immunological reaction and 
the response to therapy (Xu et al., 2013). 
The microbial infection triggers complex 
interactions between the pathogen and the 
host through the introduction of pathogen-
associated molecular patterns (PAMP) to the 
innate immune system. Toll-like receptors 
(TLR) of the innate immune system are 
dedicated to the identification of various 
bacterial components. Lipopolysaccharides, a 
component of Gram-negative bacteria’s outer 
membrane, will be recognized by TLR-4, 
while TLR-2 will recognize lipoteichoic acid, 
a major constituent of the cell wall of Gram-
positive bacteria. Depending on the receptors 
involved, this process leads to the activation 
of a transcription response program that 
includes nuclear factor κB (NF-κB), followed 
by the production and secretion of cytokines, 
chemokines, and nitrogen monoxide (NO) 
(Wen et al., 2016). This different mechanism 
elicited during this process leads to a 
different pattern of inflammation between 
Gram-positive and Gram-negative bacterial 
infections (Surbatovic et al., 2015).

Dysregulated inflammatory response and the 
production of cytokines have an important 
role in the development of multiple organ 
dysfunction in sepsis (Wen et al., 2016). 
Several studies have shown an association of 
levels of several cytokines with the severity and 
outcome of patients with sepsis. Surbatovic et 

al. reported that the levels of TNF-α, IL-8, IL-
1ra, and IL-10 were higher in septic patients 
who died than those who did not (Surbatovic 
et al., 2015). The cytokine production pattern 
and initial mediators of inflammation are also 
believed to depend on the characteristics of the 
infectious pathogen and the host response. The 
gram-negative infection has been reported to 
produce higher levels of TNF-α, IL-6, IL-8, and 
IL-10, thus higher risk of more severe disease 
and mortality than Gram-positive infections 
(Xu et al., 2013).

Our findings showed no relationship between 
the characteristic of pathogens and mortality 
in diabetic foot ulcers (p-value = 0.688). 
These findings differ from several other 
studies that report that the infecting pathogen’s 
characteristics can influence mortality. Pachori 
et al. reported that Gram-negative infections, 
especially Pseudomonas spp., were associated 
with a significantly higher mortality rate 
(Pachori et al., 2019). Another study reported 
that skin and soft tissue infections in DM 
patients caused by Gram-negative bacteria had 
a higher mortality rate than infections caused 
by Gram-positive bacteria (Benavent et al., 
2019). Similar results were also reported by 
Phua et al., who reported mortality in severe 
sepsis subjects (Phua et al., 2013). Surbatovic 
et al. and Tabah et al. reported higher mortality 
in sepsis due to infection with Gram-negative 
bacteria (Tabah et al., 2012; Surbatovic et al., 
2015). Meanwhile, our findings were supported 
by Zahar et al., which reported that the type 
of infectious pathogen did not affect severe 
sepsis and septic shock mortality (Zahar et al., 
2011). Chotirmall et al. and Kushwaha et al. 
also reported that although a positive culture 
showed a higher mortality rate than a negative 
culture, the isolated organism’s characteristic 
had little impact on it (Chotirmall et al., 2016; 
Kushwaha et al., 2020).

One of the essential parts of diabetic ulcers 
management is antibiotic administration 
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

(Frykberg and Banks, 2016). Before a culture 
and antibiotic susceptibility results can be 
obtained, it is recommended to administer 
an empiric antibiotic regimen. This empiric 
antibiotic regimen should cover the most 
frequently isolated Gram-positive, Gram-
negative, and obligate anaerobic bacteria in a 
local setting (Lipsky et al., 2020). The usage 
of appropriate empiric antibiotics have been 
reported to reduce mortality in bacteremia 
(Gradel et al., 2017; Disselkamp, Coz Yataco, 
and Simpson, 2019). The implementation of 
this recommendation could be the reason for 
the nonsignificant difference in mortality rate 
between Gram-positive and Gram-negative 
infections in diabetic foot ulcers. Furthermore, 
although not significantly different, there was 
a percentage difference between mortality in 
Gram-negative (15.3%) and Gram-positive 
(7.7%) 

CONCLUSION

No relationship between the characteristics 
of the infectious pathogen and mortality in 
patients with diabetic foot ulcers was found in 
this study. Further research in multiple centers 
with a larger sample size should be carried out 
to confirm the relationship between the two.
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ABSTRACT 
Health Development Index (HDI) greatly influences 
health status. Efforts to achieve healthy development 
are carried out by implementing Healthy Indonesia 
Program with A Family Approach (Program Indonesia 
Sehat dengan Pendekatan Keluarga or PIS-PK). The 
implementation of the PIS-PK was established with 12 
main indicators, which aimed at improving the quality 
of life. The purpose of this study was to find out family 
health problems by identifying problems and analyzing 
the causes of health problems in the working area of 
Bangetayu Public Health Care (RW I, RT 5, 6, 7, 8, 
and 9) in Penggaron Lor, Semarang. This research is 
observational descriptive with a cross-sectional approach 
through interviews and filling in family health profile 
data in RW I, RT 5, 6, 7, 8, and 9. The problem obtained 
from the interview was an analysis of the causes of the 
problem using the L-Green Theory. The survey results 
showed that the health indexes with healthy categories 
consisted of 29 families, pre-healthy 113 families, and 
unhealthy 14 families, with three lowest indicators of PIS-
PK are hypertension without regular medication (22%), 
no family members smoke (39%) and families join the 
family planning program (37%). In conclusion, there are 
three problems from 12 healthy family indicators occur 
in Penggaron Lor, which are families who participate in 
the family planning program, hypertensive patients who 
take regular medication, and no family members who are 
smokers.

1514

Lipsky, B. A. et al. (2020). Guidelines on the 
diagnosis and treatment of foot infection 
in persons with diabetes (IWGDF 2019 
update), Diabetes/Metabolism Research 
and Reviews, 36(S1), pp. 1–24. 

Maskarinec, S. A. et al. (2020). Positive 
follow-up blood cultures identify high 
mortality risk among patients with 
Gram-negative bacteraemia, Clinical 
Microbiology and Infection, 26(7), pp. 
904–910. 

Pachori, P et al. (2019). Emergence of 
antibiotic resistance Pseudomonas 
aeruginosa in intensive care unit; a 
critical review. Genes Dis, 17;6(2): 109-
119.

Phua, J. et al. (2013). Characteristics and 
outcomes of culture-negative versus 
culture-positive severe sepsis, Critical 
Care, 17(5). 

Powers, A. C. (2015). Diabetes mellitus: 
complications, in Kasper, D. L. et al. 
(eds) Harrison’s principles of internal 
medicine. 19th edn. New York: McGraw-
Hill Education, pp. 2422–2430.

Surbatovic, M. et al. (2015). Cytokine profile in 
severe gram-positive and gram-negative 
abdominal sepsis, Scientific Reports. 
Nature Publishing Group, 5, pp. 1–12. 

Tabah, A. et al. (2012). Characteristics and 
determinants of outcome of hospital-
acquired bloodstream infections in 
intensive care units: The EUROBACT 
International Cohort Study, Intensive Care 
Medicine, 38(12), pp. 1930–1945.

Wen, F. et al. (2016). Macrophage migration 
inhibitory factor in the regulation of 
myoblast proliferation and differentiation, 
Bioscience, Biotechnology and 
Biochemistry, 80(7), pp. 1313–1320. 

Xu, X. J. et al. (2013). Inflammatory cytokine 
measurement quickly discriminates gram-
negative from gram-positive bacteremia 
in pediatric hematology/oncology 
patients with septic shock, Intensive Care 
Medicine, 39(2), pp. 319–326. 

Zahar, J. R. et al. (2011). Outcomes in severe 
sepsis and patients with septic shock: 
Pathogen species and infection sites are 
not associated with mortality, Critical 
Care Medicine, 39(8), pp. 1886–1895.


