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Background: The aim of this study is to evaluate the influence of immunosuppressants on in-hospital mortality from sepsis.
Methods: Using data of the Health Insurance Review & Assessment Service, we collected data from patients who were admitted to
the hospital due to sepsis from 2009 to 2013. Based on drugs commonly used for immunosuppression caused by various diseases, patients were divided into three groups; immunosuppressant group, steroid-only group, and control group. Patients with no history of
immunosuppressants or steroids were assigned to the control group. To identify risk factors of in-hospital mortality in sepsis, we compared differences in patient characteristics, comorbidities, intensive care unit (ICU) care requirements, and immunodeficiency profiles.
Subgroup analysis according to age was also performed.
Results: Of the 185,671 included patients, 13,935 (7.5%) were in the steroid-only group and 2,771 patients (1.5%) were in the immunosuppressant group. The overall in-hospital mortality was 38.9% and showed an increasing trend with age. The steroid-only group
showed the lowest in-hospital mortality among the three groups except the patients younger than 30 years. The steroid-only group
and immunosuppressant group received ICU treatment more frequently (p < 0.001), stayed longer in the hospital (p < 0.001), and
showed higher medical expenditure (p < 0.001) compared to the normal group. Univariate and multivariate analyses revealed that
age, male gender, comorbidities (especially malignancy), and ICU treatment had a significant effect on in-hospital mortality.
Conclusions: Despite longer hospital length of stay and more frequent need for ICU care, the in-hospital mortality was lower in patients taking immunosuppressive drugs than in patients not taking immunosuppressive drugs.
Key Words: immunosuppression; Korea; mortality; sepsis; steroid.

Introduction
Sepsis is a leading cause of complications and death in intensive care settings, and its treatment demands enormous medical resources. The incidence of sepsis is still increasing, and the efforts to improve outcomes for sepsis patients are underway
in medical institutions worldwide. Among them are the Surviving Sepsis Campaign and the Global Sepsis Alliance.[1,2] As
a result, the mortality associated with sepsis has significantly declined.[1,3] However, the absolute mortality rate is still high,
hovering between 25% and 40%.[4-6]
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The risk factors of sepsis mortality include old age, chronic
comorbidity, immunosuppression, blood-borne pathogens and
non-antibiotic therapy.[6-9] In particular, the presence of immunosuppression has steadily increased in sepsis patients over
the last two decades, calling for investigations.[7,8] However,
such investigations have limitations to conduct because the
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cause of immunoSuppression varies according to the associ-

pressive state and in-hospital mortality. Based on clinical

ated disease and medication. Previous researchers therefore

characteristics of patients, risk factors associated with in-

focused on a single disease or medication in their studies

hospital mortality were determined, and involved medical

concerning immunosuppression in spite of limitations posed

resources and length of hospital stay were analyzed.

by their approach.[10,11]

Statistical analysis was performed using SAS 9.2 software

Authors in this study investigated the incidence of in-hos-

(SAS insititute Inc, Cary, NC). Pearson chi-square test was

pital mortality and associated risk factors in sepsis patients

used to compare gender distribution and intensive care unit

based on epidemiological data of the two groups of sepsis

(ICU) admission among the groups. ANOVA test was used

patients on either steroid or non-steroid suppressive drugs

to compare hospital costs and length of hospital stay. Re-

and those not on suppressive drugs.

sults are considered statistically significant when p value
is less than 0.05. Multiple logistic regression analysis was
performed to identify risk factors associated with mortality.
This study was approved by the Research Ethics Com-

Materials and Methods

mittee of Institutional Review Board of National Evidence-

This study involved the analysis of medical information
of sepsis patients who were hospitalized from January 2009

based Healthcare Collaborating Agency (IRB No.: NECAIRB14-018).

to December 2013, according to Health Insurance Review
& Assessment Service (HIRA)’s database. Korea’s national
health insurance system is mandatory and requires all Korean citizens to join either employee health insurance or

Results

self-employed health insurance.[12,13] All insurance claims

A total of 185,671 sepsis patients were admitted to hospi-

made by medical institutions are reported to the state-run

tal from 2009 to 2013. Of those, 13,935 (7.5%) were on ste-

HIRA which conducts the review of medical costs incurred

roids only while 2,771 (1.5%) were on non-steroid suppres-

under the national insurance scheme, making HIRA’s data-

sive drugs. The mean age of patients was 68.4, and the ratio

base a very useful data source for medical research.

of male to female was 1.1:1. By comorbidity in a population

Based on patient information from the HIRA database,

of patients, diabetes (42.6%) was the most common comor-

sepsis patients (A40 or A41) aged 18 or older were selected

bid condition, followed by hypertension (39.4%). Malignant

from those who were hospitalized from January 2009 to

tumor was also found in 6.5% of patients. By the reason

December 2013. Patients divided into three groups: those

underlying suppressive drug use, leukemia (9.1%) was the

on suppression medications within a year before hospital

most common reason, followed by organ transplantation,

admission (Suppression group) those who had steroids only

rheumatoid arthritis, Crohn’s disease, ulcerative colitis and

(Steroid group) and those not on any suppression medica-

atopic dermatitis (Table 1). The mean age of the Suppres-

tion. The immunosupressants, commonly prescribed in

sion group was lower at 51.2 years, but its ratio of male

Korea, include cyclosporine, tacrolimus, azathioprine,

to female was higher at 1.3:1, compared with the Steroid

mycophenolate mofetil (mycophenolic acid), sirolimus,

and control groups. The distribution of comorbidities also

everolimus, rapamycin, methotrexate, muronomab-CD3,

showed differences among the groups: the presence of hy-

basiliximab, daclizumab, alemtuzumab and rituximab.

pertension, diabetes, cerebrovascular disease was higher in

These suppressive drugs are divided into either steroids or

the Steroid group whereas chronic liver and kidney diseases

non-steroids in this study. Also, the reason underlying sup-

along with malignant tumor were significant in the Suppres-

pressive drug use was also identified for the Suppression

sion group (Table 2).

and Steroid groups.

The analysis of distribution of immunosuppressive state

Patients in each group were further divided according to

showed 3,800 cases of immunosuppression in the 18-29 age

age with 10-year intervals, and the gender of each subgroup

group, 57,905 cases in the 70s age group and 45,281 cases

was identified to investigate distribution of immunosup-

in the 80+ age group from 2009 to 2013. The number of
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Table 1. Characteristics of sepsis patients
Total
(n = 185,671)

2009
(n = 37,879)

2010
(n = 38,739)

2011
(n = 36,547)

2012
(n = 38,988)

2013
(n = 33,518)

68.4 ± 15.2

66.9 ± 15.3

67.7 ± 15.2

68.5 ± 15.2

69.2 ± 15.1

69.6 ± 14.9

1.1:1

1.1:1

1.1:1

1.1:1

1.1:1

1.1:1

Hypertension

73,182 (39.4)

14,432 (38.1)

15,123 (39.0)

14,187 (38.8)

15,692 (40.3)

13,748 (41.0)

Diabetes

79,125 (42.6)

16,261 (42.9)

16,508 (42.6)

15,121 (41.4)

16,703 (42.8)

14,532 (43.4)

Coronary artery disease

20,363 (11.0)

5,288 (14.0)

4,353 (11.2)

3,628 (9.9)

3,915 (10.0)

3,179 (9.5)

Chronic pulmonary disease

16,743 (9.0)

3,460 (9.1)

3,487 (9.0)

3,159 (8.6)

3,587 (9.2)

3,050 (9.1)

6,074 (3.3)

1,339 (3.5)

1,338 (3.5)

1,199 (3.3)

1,219 (3.1)

979 (2.9)

Chronic kidney disease

13,854 (7.5)

2,752 (7.3)

2,711 (7.0)

2,691 (7.4)

3,006 (7.7)

2,694 (8.0)

Cerebrovascular disease

21,483 (11.6)

4,560 (12)

4,555 (11.8)

4,188 (11.5)

4,590 (11.8)

3,590 (10.7)

Malignancy

12,038 (6.5)

2,674 (7.1)

2,688 (6.9)

2,297 (6.3)

2,367 (6.1)

2,012 (6)

Leukemia

1,516 (9.1)

340 (9.8)

358 (10.2)

259 (7.9)

314 (8.8)

245 (8.6)

Organ transplantation

1,077 (6.5)

228 (6.5)

239 (6.8)

245 (7.5)

198 (5.6)

167 (5.8)

760 (4.6)

177 (5.1)

151 (4.3)

139 (4.2)

159 (4.5)

134 (4.7)

42 (0.3)

2 (0.1)

16 (0.5)

8 (0.2)

10 (0.3)

6 (0.2)

Ulcerative colitis

65 (0.4)

17 (0.5)

14 (0.4)

15 (0.5)

14 (0.4)

5 (0.2)

Atopic dermatitis

126 (0.8)

35 (1.0)

23 (0.7)

19 (0.6)

23 (0.6)

26 (0.9)

Multiple sclerosis

32 (0.2)

13 (0.4)

4 (0.1)

3 (0.1)

6 (0.2)

6 (0.2)

Age
Gender (M:F)
Comorbidities

Chronic liver disease

Immunosuppressants

Rheumatoid arthritis
Crohn’s disease

Others

14,664 (87.8)

3,039 (87.2)

3,060 (87.5)

2,865 (87.1)

3,168 (88.8)

2,532 (88.4)

Data are presented as mean ± SD or number (%).
SD: standard deviation; M: male; F: female.

Table 2. Characteristics of sepsis patients

Age

Total
(n = 185,671)

Control
(n = 168,965)

Steroid-only
(n = 13,935)

Immunosuppressant
(n = 2,771)

68.4 ± 15.2

68.7 ± 15.0

67.7 ± 14.8

51.2 ± 15.0

< 0.001*

1.1:1

1.1:1

1:1

1.3:1

< 0.001

Gender (M:F)

p-value

Comorbidities
Hypertension

73,182 (39.4)

65,177 (38.57)

7,089 (50.87)

916 (33.06)

< 0.001

Diabetes

79,125 (42.6)

71,290 (42.19)

6,747 (48.42)

1,088 (39.26)

< 0.001

Coronary artery disease

20,363 (11.0)

18,192 (10.77)

1,985 (14.24)

186 (6.71)

< 0.001

Chronic pulmonary disease

16,743 (9.02)

13,870 (8.21)

2,742 (19.68)

131 (4.73)

< 0.001

6,074 (3.27)

5,521 (3.27)

332 (2.38)

221 (7.98)

< 0.001

Chronic kidney disease

13,854 (7.46)

12,212 (7.23)

1,366 (9.80)

276 (9.96)

< 0.001

Cerebrovascular disease

21,483 (11.57)

19,644 (11.63)

1,696 (12.17)

143 (5.16)

< 0.001

Malignancy

12,038 (6.48)

9,535 (5.64)

1,473 (10.57)

1,030 (37.17)

< 0.001

Chronic liver disease

Data are presented as mean ± SD or number (%).
*ANOVA.
SD: standard deviation; M: male; F: female.
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Table 3. Distribution of immunosuppression in sepsis patients
Total
(n = 185,671)
18 ≤ age < 30

30 ≤ age < 40

40 ≤ age < 50

50 ≤ age < 60

70 ≤ age < 80

80 ≤ age

Total

Steroid-only
(n = 13,935)

Immunosuppressant
(n = 2,771)

Male

2,015

1,663 (82.5)

191 (9.5)

161 (8.0)

Female

1,785

1,497 (83.9)

171 (9.6)

117 (6.6)

Total

3,800

3,160 (83.2)

362 (9.5)

278 (7.3)

Male

3,065

2,661 (86.8)

232 (7.6)

172 (5.6)

Female

2,769

2,402 (86.7)

220 (7.9)

147 (5.3)

Total

5,834

5,063 (86.8)

452 (7.7)

319 (5.5)

Male

7,916

7,136 (90.1)

476 (6.0)

304 (3.8)

Female

5,153

4,515 (87.6)

401 (7.8)

237 (4.6)

Total

13,069

11,651 (89.1)

877 (6.7)

541 (4.1)

Male

15,408

14,052 (91.2)

922 (6)

434 (2.8)

8,784

7,763 (88.4)

713 (8.1)

308 (3.5)

Total

24,192

21,815 (90.2)

1,635 (6.8)

742 (3.1)

Male

21,124

19,141 (90.6)

1,642 (7.8)

341 (1.6)

Female

14,466

12,886 (89.1)

1,323 (9.1)

257 (1.8)

Total

35,590

32,027 (90.0)

2,965 (8.3)

598 (1.7)

Male

29,510

26,991 (91.5)

2,386 (8.1)

133 (0.5)

Female

28,395

25,792 (90.8)

2,479 (8.7)

124 (0.4)

Total

57,905

52,783 (91.2)

4,865 (8.4)

257 (0.4)

Male

17,570

16,369 (93.2)

1,179 (6.7)

22 (0.1)

Female

27,711

26,097 (94.2)

1,600 (5.8)

14 (0.1)

Total

45,281

42,466 (93.8)

2,779 (6.1)

36 (0.1)

Male

96,608

88,013 (91.1)

7,028 (7.3)

1,567 (1.6)

Female

89,063

80,952 (90.9)

6,907 (7.8)

1,204 (1.4)

185,671

168,965 (91.0)

13,935 (7.5)

2,771 (1.5)

Female
60 ≤ age < 70

Control
(n = 168,965)

Total

p-value
0.240

0.770

< 0.001

< 0.001

< 0.001

0.020

< 0.001

< 0.001

Data are presented as number (%).

male patients was slightly higher than the number of female

and the proportion of patients admitted to ICU was signifi-

patients in all age groups except the 80+ age group (Table 3).

cantly higher in the Steroid and Suppression groups than

Of total patients, 38.9% had in-hospital mortality, which

the control group (p < 0.001). While the mean length of stay

can be further broken down into 31.0% in the Steroid group,

was 23.7 days for total patients, the Steroid and Suppression

30.5% in the Suppression group and 39.7% in the control

groups showed 39.1 and 39.3 days, respectively, meaning

group. In-hospital mortality increased with age in the all

that their hospital stay was significantly higher than the con-

groups. In the 18-29 age sub-groups, the in-hospital mortal-

trol group. The mean total hospital cost of these two groups

ity rate was 16.0%, 27.7% and 13.4% respectively, in the

was also as much as 2-4 times higher than the control group

Steroid, Suppression and Control groups. In the 80+ age

(p < 0.001) (Table 4).

group, the in-hospitality mortality rate was 39.4%, 61.1%

Among the variables of age, gender, comorbidity, ICU

and 51.0%, respectively in the three groups in the same or-

admission and history of suppressive drug uses, identified

der. The in-hospital mortality was lower in the Steroid group,

by univariate analysis, all variables except history of sup-

compared with the Suppression and Control groups, in older

pressive drug use were associated with in-hospital mortality,

groups beyond the 18-29 age group (p < 0.001) (Fig. 1).

according to multivariate regression analysis. Comorbidities

Of total patients, 54,119 (29.2%) were admitted to ICU,

included diabetes, cardiovascular disease, chronic pulmonary
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Fig. 1. In-hospital mortality of sepsis patients. The hospital mortality was positively correlated with age in all age groups, and the mortality rate was lower in the Steroid group, compared with the Suppression and control groups, in the older groups beyond the 18-29 age
group, (p < 0.001).
Table 4. ICU admission, length of stay and total cost of sepsis patients
Total
(n = 185,671 )

Control
(n = 168,965 )

ICU admission

54,119 (29.2)

47,129 (27.9)

Length of stay (days)

23.7 ± 31.3

22.2 ± 29.4

8,440 ± 12,591

7,630 ± 10,940

14,100 ± 17,162

Total cost (1,000 KWN)

Steroid-only
(n = 13,935 )

Immunosuppressant
(n = 2,771 )

p-value

5,819 (41.8)

1,171 (42.3)

< 0.001

39.1 ± 44.4

39.3 ± 35.0

< 0.001*

29,366 ± 34,703

< 0.001*

Data are presented as mean ± SD or number (%).
*ANOVA.
ICU: intensive care unit; SD: standard deviation.

disease, chronic kidney disease, cerebrovascular disease and

drugs based on nationwide medical information collected

malignant tumor. The odds ratio of malignancy was higher

into the HIRA database under the national medical system.

than those for other comorbidities. The use of suppressive

Based on medical information for the period from 2009

drugs including steroids turned out to be a protective factor

to 2013, the total hospital mortality was 38.9% in total

reducing the risk of hospital mortality (Table 5).

sepsis patients. By group, the mortality was 31.0% and
30.5%, respectively, in the Steroid and Suppression groups,
which were significantly lower than 39.7% of patients in
the control group. However, the admission to ICU, length

Discussion

of stay and total hospital cost were significantly higher

This study explored the presence of immunosuppression

in patients on suppressive drugs than those in the control

and subsequent mortality in sepsis patients on suppressive

group. According to large scale international studies, sepsis
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Table 5. Logistic regression analysis of risk factors for in-hospital mortality of admitted sepsis patients
Factors

Univariate
OR

95% CI

Multivariate
p-value

OR

95% CI

p-value

Age (categorical variable)
18 ≤ age < 30

1.00

-

1.00

-

30 ≤ age < 40

1.60

(1.44, 1.79)

< 0.001

1.58

(1.42, 1.77)

< 0.001

40 ≤ age < 50

2.34

(2.12, 2.58)

< 0.001

2.22

(2.01, 2.45)

< 0.001

50 ≤ age < 60

2.81

(2.56, 3.08)

< 0.001

2.64

(2.40, 2.90)

< 0.001

60 ≤ age < 70

3.17

(2.89, 3.48)

< 0.001

3.05

(2.78, 3.35)

< 0.001

70 ≤ age < 80

3.92

(3.58, 4.29)

< 0.001

4.07

(3.71, 4.46)

< 0.001

80 ≤ age

5.87

(5.36, 6.44)

< 0.001

6.71

(6.12, 7.37)

< 0.001

Gender (male)

1.21

(1.19, 1.23)

< 0.001

1.28

(1.25, 1.31)

< 0.001

Hypertension

0.87

(0.85, 0.88)

< 0.001

0.72

(0.71, 0.74)

< 0.001

Diabetes

1.07

(1.05, 1.09)

< 0.001

1.07

(1.05, 1.09)

< 0.001

Coronary artery disease

1.14

(1.11, 1.18)

< 0.001

1.04

(1.01, 1.07)

0.014

Chronic pulmonary disease

1.38

(1.34, 1.43)

< 0.001

1.19

(1.15, 1.23)

< 0.001

Chronic liver disease

1.27

(1.21, 1.34)

< 0.001

1.44

(1.37, 1.52)

< 0.001

Chronic kidney disease

1.24

(1.20, 1.28)

< 0.001

1.35

(1.30, 1.40)

< 0.001

Cerebrovascular disease

1.12

(1.09, 1.15)

< 0.001

1.07

(1.03, 1.10)

< 0.001

Malignancy

1.71

(1.65, 1.78)

< 0.001

2.03

(1.95, 2.11)

< 0.001

ICU admission

1.41

(1.38, 1.44)

< 0.001

1.50

(1.47, 1.53)

< 0.001

Comorbidities

Immunosuppressants
Control

1.00

-

1.00

-

Steroid-only

0.68

(0.66, 0.71)

<0.001

0.64

(0.62, 0.66)

< 0.001

Immunosuppressant

0.67

(0.62, 0.73)

<0.001

0.74

(0.68, 0.81)

< 0.001

OR: odds ratio; CI: confidence interval; ICU: intensive care unit.

has a mortality rate of 25% to 40% in 2000. A wide range

because it addressed immunosuppressed states caused by a

in mortality reflects different levels of sepsis found in the

wide range of diseases, including white blood cell, inborn

respective studies.[4-6,14-16] This study came up with a

immune deficiency, solid tumor and leukemia and suggested

relatively higher sepsis mortality rate despite the fact that it

an immunosuppressed state as a risk factor influencing

was conducted somewhat lately and it included all patients

prognosis for sepsis.[19]

presenting sepsis regardless of their severity.

Steroid drug is commonly prescribed for a variety of con-

Sepsis patients in an immunosuppressed state tend to

ditions due to is anti-inflammatory and immunosuppressive

develop non-specific and diverse signs and symptoms,

properties, which inhibit the synthesis of proinflammatory

compared to non-immunospressed patients, making it hard

cytokines or cyclo-oxygenase. However, prolonged use or

to define their severity based on the screening criteria. For

overuse of steroid drug can result in excessive immunosup-

instance, these patients did not increase white blood cells or

pression, which in turn increases the risk of infection. How-

C-reactive protein, which are commonly found in sepsis pa-

ever, early signs of infection are not easily detectable.[20,21]

tients, resulting in failure of early diagnosis and poor prog-

Steroid-induced risk of various infections such as tuberculo-

nosis.[17,18] Tolsma suggested that an immunosuppressed

sis and oral candidiasis has been reported. A study reported

state increases the risk of short-term mortality in sepsis pa-

the risk of infection was 1.6 times higher in patients on ste-

tients. His study was more comprehensive than other studies

roid drug, compared with the control group. [20,22-24] The
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findings of these studies cannot be compared with this study

the cause of death in sepsis patients may be other conditions

because we did not investigate clinical characteristics of the

(aggravated comorbidity or complication) than sepsis itself

Steroid group separately.

because the cause of death is not correctly described in

Nonetheless, it is true that most of previous studies of sep-

some cases of insurance claim. That is, sepsis mortality may

sis in immunosuppressed patients reported their immuno-

be more affected by condition-dependent immune deficien-

suppressive state as a risk factor. However, this study found

cy than drug-induced immunosuppression, although further

lower mortality rates in sepsis patients on steroid and non-

studies are necessary to prove this assumption.

steroid suppressive drugs. This contrasting result may be

In this study, in-hospital mortality increased with age in all

not supported by a view of literature and pathophysiology.

groups, although the presence of immunosuppression varied

However, we consider the possibility that suppressive drugs

among different age groups. This finding is in agreement

helped restore a normal balance between the proinflam-

with previous studies in which the onset and severity of sep-

matory and anti-inflammatory response. Immune response

sis and sepsis mortality were positively correlated with age

to sepsis is divided into phases: an early proinflammatory

although actual rates vary among countries.[14,15,30]

response and late anti-inflammatory response, and imbal-

This study however has the following limitations: first,

ance between pro- and anti-inflammatory responses result

to select subjects, this study relied on the category code of

in death. Excessive pro-inflammatory activity boosts the in-

sepsis that physicians enter for patients to be discharged.

flammatory reaction, and excessive anti-inflammatory activ-

However, entered codes are not monitored, and physicians

ity accelerates an immunosuppressed state called immuno-

may not add a new code for patients who were already as-

paralysis, causing death in both cases.[5,25,26] We assume

signed another category code based on principal diagnosis.

that suppressive drugs taken before the onset of sepsis can

This means that the sepsis mortality found in this study may

inhibit the early release of mediators such as cytokine, and

be underestimated because patients who developed sepsis

continuous use of suppressive drugs can also prevent a sud-

after infection or immune-related comorbidity may not be

den increase in the anti-inflammatory response, leading to a

correctly compiled due to human negligence. Secondly, the

balance between pro- and anti-inflammatory responses and

results of this study cannot be generalized to a population

an increase in survival. Another assumption we make based

taking suppressive drugs to determine their sepsis mortality

on the history of suppressive drugs used for patients is that

because the study population was defined as sepsis patients

physicians may use a wide range of antibiotics for patients

taking suppressive drugs and their in-hospital mortality was

being suspected of sepsis in early stages. With the early

investigated. We could not confirm the well-established con-

use of antibiotics, mortality of sepsis patients decreased in

clusion that immunosuppressed patients are more vulnerable

previous studies, and that is also supported by the Surviving

to sepsis than those with healthy immune systems. Thirdly,

Sepsis Campaign.[4,9,27,28] We also assume that early use

this study addressed drug-induced immunosuppression only

of antibiotics is more responsible than anti-inflammatory

and did not explore condition-induced immunosuppression.

effects of antibiotics for lower mortality in the Steroid and

Fourthly, the presence of accompanying septic shock and

Suppression groups. As mentioned earlier, previous studies

severity of sepsis in each group were not analyzed due to

described immunosuppressive state induced by conditions

a lack of necessary information. Lastly, we cannot assure

such as solid tumor or leukemia as a risk factor for sepsis

that all patients were given a professional care according to

patients, and their findings are not consistent with the results

standard treatment guidelines such as the Survival Sepsis

of this study because we addressed drug-induced immu-

Guidelines because we cannot confirm such information

nosuppression.[8,9,29] The protective role of suppressive

from the database.

drugs in sepsis patients in this study can be interpreted as

In conclusion, of total sepsis patients, 9.0% were on either

a possible difference between drug- and condition-induced

steroid or non-steroid suppressive drugs, and their in-hos-

immunosuppressive states in prognosis for sepsis.

pital mortality was nearly 31%. However, this study did not

The increase in the mean hospital costs as a result of lon-

find a close relationship between immunosuppressed drug

ger period of stay can be explained in the same way. Also,

use and mortality that is well established in the literature.
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Further studies are necessary to verify effects of immunosuppressed states.

North Am 2009; 23: 535-56.
9) Weiss SL, Fitzgerald JC, Balamuth F, Alpern ER,
Lavelle J, Chilutti M, et al: Delayed antimicrobial therapy increases mortality and organ dysfunction duration
in pediatric sepsis. Crit Care Med 2014; 42: 2409-17.
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