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ABSTRACT

Adrenal insufficiency and its prognosis of septiosk patients

in intensive care unit

Ji Ye Jung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Joon Chang)

Backgrounds: Since the relationship between sepsis and relativ
adrenal insufficiency has been reported, shoriamiropin stimulation
tests have been performed to identify relative marensufficiency and
determine to whom corticosteroid should be admenest. The
objective of this study was to evaluate the effjca¢ corticosteroid
therapy in a broad population of septic shock p#gievith and without
relative adrenal insufficiency.

Patients and Methods. A retrospective study was conducted in an
intensive care unit at Severance Hospital in Sdeapublic of Korea,
between June 2005 and December 2007. The studydaxt! 103
critically ill patients who underwent a short codiropin test because

_1_



of prolonged septic shock.

Results: Among 103 patients, 36 (34.9%; 22 in the corticwstkegroup
and 14 in the conservative group) showed relatilreraal insufficiency
and 67 (65.1%; 20 in the corticosteroid group and A4 the
conservative group) did not. At day 28, there was significant
difference in mortality between the corticoster@dd conservative
groups (36% vs. 29%p=0.63) in patients with relative adrenal
insufficiency. There was also no significant diéfiece in mortality
between the 2 treatment groups (15% vs. 3@¢4).20) in patients
without relative adrenal insufficiency. Basal serucortisol was
significantly higher in non-survivors than in swers @4.0+13.2 g/d?
vs. 18.1+12.4.g/d0; p=0.04) and was also significantly elevated in
patients with relative adrenal insufficiency thahoge without
(24.9+16.8 g/d0 vs. 17.1+9.1pg/d0; p<0.01)

Conclusions: Corticosteroid did not improve survival of sepsisock
patients regardless of relative adrenal insufficyeriTherefore, short
corticotropin stimulation tests would not be helpfo identifying
patients to be given corticosteroid. In additioasd) serum cortisol was

not only a significant predictor of mortality butsa of response to short

corticotropin stimulation tests.

Key Words : Adrenal insufficiency, Corticosterofsieptic shock
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Adrenal insufficiency and its prognosis of septiosk patients

in intensive care unit

Ji Ye Jung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Joon Chang)

. INTRODUCTION

Septic shock has been recognized as a major prablertically ill patients
because of its high mortality raté&ven though antibiotic therapies and other
intensive care methods have improved steadily dutime past decade,
mortality from septic shock still remains close5@?2 Therefore, interest in
developing new pharmacologic agents including costieroid has been
stimulated to reduce morbidity and mortality ofipeats with septic shock.
Therapeutic use of corticosteroid in patients vei#ipsis was first studied by
Perla and Marmorston in 1940.

In the early days, corticosteroid was used fomits-inflammatory effects.
Corticosteroid affects immune-mediated inflammatogactions in several

ways. First of all, it influences the circulatiohleukocytes and inhibits many
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functions of leukocytes and immune accessory cellmrticosteroid
suppresses immune activation of these cells, itshfimoduction of cytokines
and other mediators of inflammation, and causeistegge to cytokines. It
also suppresses the function of type 1 helper phasytes and stimulates
apoptosis of eosinophils. Moreover, it inhibits egsion of adhesion
molecules and their corresponding receptors anenfiates the acute phase
reaction. Suppression of the phospholipase dclooxygenase and nitric
oxide synthasegenes also decreases production of prostanoidselgt
activating factors, and nitric oxid€. However, many conflicting studies on
the efficacy of corticosteroid in specific infeaticsevere infection, and septic
shock have been reported. After reviewing 32 studfiesrticosteroid therapy
for bacterial infection, Weitzman and Berger paihteut the inappropriate
methodology of the studiésn 1976, Schumer et al. reported a reduction in
mortality rate of septic shock patients treatedhwa high dose of
corticosteroid (dexamethasone 3 mg/kg or methylpssiione 30 mg/kg) in
prospective and randomized stddyTheir results motivated further
investigation and aroused criticism. In the 198@weral large multicenter
studies reported that there was no benefit in riedumortality from treating
sepsis or septic shock patients with corticostetoly * and the use of
corticosteroid for anti-inflammatory purposes irig@ats with severe sepsis or
septic shock was tempered.

However, in the 1990s, more efforts to better oftaraze septic patients

with the worst outcome were kept and the assoddiEtween severe sepsis



and relative adrenal insufficiency was obsertetf These results stirred new
interest in corticosteroid replacement therapy wiéh low dose of
corticosteroid for longer period$.in 2002, Annane et al. reported increased
survival and decreased need for vasopressorsiengatvith septic shock and
relative adrenal insufficiency by using a low dosfe hydrocortisone and
fludrocortisone”®> However, controversy surrounding the physiologisel of
corticosteroid remained and its benefits to pasienith septic shock and
relative adrenal insufficiency remained unproven.

Recently, Sprung et al. and Annane et al. publisiednulticenter,
randomized, double-blind, placebo-controlled studysteroid treatment in
patients with septic shock which showed that s@ivivas not increased even
in patients unresponsive to corticotropin stimalattests (defined as relative
adrenal insufficiency) but reversal of shock wasnséaster in patients in
whom shock was reversétl.The “Surviving Sepsis Campaign 2008”
recommended hydrocortisone treatment in adult segtiock poorly
responsive to fluid resuscitation and vasopressmrapy. However, it
suggested corticotropin stimulation tests should b® used to determine
which patients with septic shock would receive logdrtisone'’

In Korea, there have been 2 previous reports omns&ortisol in patients
with sepsis or septic shock. Lee et al. reportatittbth serum cortisol and 24-
hour urinary cortisol were significant prognostctiors in sepsis and that they
showed strong correlation with other parametéiéwon et al. stated that

even though basal serum cortisol level was notigtigd of response to
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corticotropin stimulation tests, it was a signifit@rognostic factor in patients
with septic shock. They also stated that there meabenefit of corticosteroid
use in patients with septic shock and relative malrimsufficiency'®

The objective of this study was to evaluate thdcadfy of low-dose
hydrocortisone therapy in a broad population ofgpés with septic shock

who did and did not have a response to corticotrtgsts.



II. MATERIALSAND METHODS

1. Study Population

A total of 132 patients who underwent a short cottopin stimulation test
in an intensive care unit at Severance Hospitébeoul, Republic of Korea,
between June 2005 and December 2007 were retrosgectnrolled in the
study if they were 18 yr of age or older and hautiseshock with the need for
vasopressors. Patients were excluded if they wetmger than 18 yr old,
pregnant, had evidence of acute myocardial infamctpulmonary embolism,
an advanced form of cancer, or acquired immunoigefdy syndrome (AIDS)
infection. Moreover, patients taking corticosterogomidate, ketoconazole,
or any other drugs known to influence the hypotimais-pituitary-adrenal

axis, were excluded.

2. Définitions

Septic shock was defined as sepsis with hypoter{sidarial blood pressure
<90 mmHg systolic, or 40 mmHg less than patientsmab blood pressure)
for at least 1 hr despite adequate fluid resusoitabr as needed for
vasopressors to maintain systolic blood press@EmmHg or mean arterial
pressure>70 mmHg. Sepsis was defined as systemic inflammagsponse
syndrome (SIRS) with proven or suspected microbiadlogy. SIRS was
defined as the presence of microbes or their toxindood or 2 or more of

the following conditions (noninfectious etiologyjl) body temperature
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>38C or <36C; (2) leukocytosis (>10,000f) or leukopenia (<4,000¢) or
>10% bands; (3) heart rate >90 beats/min; and €4piratory rate >24
breaths/mirf’ Relative adrenal insufficiency (RAI) was diagnoseen the
difference between TO and the highest of value 33 ©r T60 was no more

than 9 pg/dL. 12 131516

3. Study Methods
A. Data Collection

Patients’ clinical and laboratory data were recdraéh retrospective chart
review. Clinical evaluation included general chéssstics of patients such as
demographic data, diagnosis, acquisition of infexgtiinfection site, and
severity of disease. Severity of disease was as$dgsacute physiology and
chronic health evaluation (APACHE) I, simplifieccw#e physiology score
(SAPS), sequential organ failure assessment (SQEA)e, and vital signs
(body temperature, systolic blood pressure, heate, retc.). Laboratory
variables included culture of blood and other ptiérsites of infection,
hematology and blood chemistry data, and blooddgsrminations. Blood
samples were taken immediately before (T0), 30 YBB@ 60 (T60) min after

short corticotropin stimulation test. Tetracosact®ynacthet) was used for
short corticotropin stimulation tests and seruntisor level was measured
using chemoluminescence immunoassay. For high-dodelow-dose short

corticotropin stimulation tests, 25@ and 1 yg of tetracosactrin were used,

respectively.



B. Satigtical Analysis

Statistical analysis was conducted using SPSS R3$SChicago, IL, USA).
Analysis was performed on patients with relativeeadl insufficiency (non-
responders to corticotropin stimulation test), with relative adrenal
insufficiency (responders to corticotropin stimidat test), and all patients.
Pretreatment characteristics were compared betwemups using test or
Mann-Whitney U test (for continuous variables) ahar Fisher’s exact test
(for categorical variables) when appropriate. Onotes were assessed by
Kaplan-Meier method and compared between groupgyusi-rank test. A
Cox proportional hazards regression model was tsedtimate hazard ratio
of variables related to 28-day mortality. Multivete analysis was performed
using a logistic regression model with enter mettwedstimate the odds ratio
of relative adrenal insufficiency (95% confidenogervals, Cl). For all tests,

p<0.05 was considered statistically significant.



1. RESULTS

1. Sudy Description

From June 2005 to December 2007, 132 patients aligible for the study
and two different types of corticotropin stimulatitests (high-dose or low-
dose) were used during the period. Assuming théema who showed
response to low-dose corticotropin stimulationdegbuld also show response
to high-dose corticotropin stimulation tests, respgrs to low-dose
corticotropin stimulation tests were regrouped i@sponders as patients with
adrenal insufficiency (Figure 1). As a result, 2&8tipnts who were non-
responders to low-dose corticotropin stimulatiostdewere excluded and a

total of 103 patients were finally enrolled in tstsidy.

36 Relative adrenal insufficiency 67 Without Relative adrensl insufficiency
22 Corticostercidireatment 20 Corticostercidtreatment
14 Conservative treatment 47 Conservative treatment

Figure 1. Study Population
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2. Characteristics of Sudy Patients at Inclusion

Among the 103 patients in this study, 36 (34.9%) malative adrenal
insufficiency (corticosteroid, 22; conservative,) Iahd 67 (65.1%) did not
(corticosteroid, 20; conservative, 47). Demogragihiaracteristicsdiagnosis,
acquisition of infection, and infection sisre shown in Table 1. Patients’
previous diseases included mostly cardiovasculat; (89.8%) and
endocrinological (39; 37.9%) diseases, and reasohdspital admission was
community-acquired infection of medical problems tbe most part. The
lung was the main source of infection (66; 64.1%).

At baseline, the 2 groups showed balanced clirdbatacteristics including
vital signs, severity of disease, and relative maransufficiency related
measures (Table 2). Despite no statistical sigaifée, means of APACHE I,
SAPS, and SOFA scores were all higher in the coatige treatment group
than the corticosteroid treatment group. There weg& mechanically
ventilated patients (89.3%) and the rates wereénigh the corticosteroid
group (95.0%) than conservative treatment group.0@@) statistical
significance.

Baseline serum cortisol was similar in the cortieosid and conservative
treatment groups in patients with relative adrenalfficiency (24.4:18.8
ugldl vs. 25.713.8 pg/dl; p=0.53) and also was similar in 2 treatment
groups of all patients (194315.0 pg/dl vs. 20.2:11.2 pg/dl; p=0.72).
However, it was higher in the corticosteroid treatm group than in the

conservative treatment group without relative adrémsufficiency (13.6:5.7
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ugldl vs. 18.5-9.9 pg/dl; p=0.03) (Table 2).
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Table 1. Demographic Characteristics of Patients by Subgroup

Relative Adrenal Insufficiency (+)  Relative Adrenal Insufficiency (-) All Patients
General Characteristics Corticosteroid ~ Conservative  Corticosteroid ~ Conservative  Corticosteroid ~ Conservative
(n=22) (n=14) (n==20) (n=47) (n=42) (n=61)
Age (yr) 69+15 61+16 70+18 64+14 69+16 64+15
Sex
Men 16 (73) 6 (43) 16 (80) 34 (72) 32 (76) 40 (66)
Women 6 (27) 8 (57) 4 (20) 13 (38) 10 (24) 21 (34)
Previous disease
Cardiovascular 10 (45) 6 (43) 7 (35) 18 (38) 17 (40 24 (39)
Pulmonary 5 (23) 0 (0) 7 (35) 7 (15) 12 (29) 7 (11)
Renal 0 (0) 4 (29) 3(15) 5(11) 3(7) 9 (15)
Liver 0 (0) 0 (0) 2 (10) 2(4) 2 (5) 23
Gastrointestinal 0(0) 0(0) 1(5) 0(0) 1(2) 0
Neurological 8 (36) 0 (0) 3 (15) 13 (28) 11 (26) (23)
Endocrinological 7 (32) 7 (50) 8 (40) 17 (36) 186)3 24 (39)
None 2(9) 1(7) 3(15) 7 (15) 5(12) 8 (13)
Admission category
Unscheduled surgery 0 (0) 0(0) 0(0) 1(2) 0(0) 2n
Medical 22 (100) 14 (100) 19 (95) 46 (98) 41 (98) 60 (98)
Scheduled surgery 0 (0) 0(0) 1(5) 0(0) 1(2) (0)0]
Acquisition of infection
Community-acquired 19 (86) 12 (86) 15 (75) 43 (92) 34 (81) 55 (90)
Hospital-acquired 3 (14) 2 (14) 5 (25) 4 (8) 8 (19) 6 (10)
Infection site
Pulmonary 15 (68) 8 (57) 18 (90) 25 (53) 33(79) =38
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Genitourinary 1(5) 3(21) 4 (20) 5(11) 5(12) 18)

Abdominal 5(23) 7 (50) 3(15) 16 (34) 8 (19) 28)3
Cellulitis 3(14) 0 (0) 2 (10) 5(11) 5(12) 5(8)
Other 2(9) 1(7) 1(5) 2(4) 3(7) 3(5)
Not documented 0 (0) 0 (0) 0 (0) 24 0 (0) 2(3)

* Results are based on patient responses to a atntidotropin test. Data are presented as nungeréntage) unless otherwise indicated. Plus-mialises
are meansstandard deviation.
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Table 2. Clinical Characteristics of Patients by Subgroup*

Relative Adrenal I nsufficiency (+) Relative Adrenal Insufficiency (-) All Patients
Clinical Characteristics Corticosteroid ~ Conservative  p-value  Corticosteroid Conservative  p-value  Corticosteroid Conservative  p-value
(n=22) (n=14) (n=20) (n=47) (n=42) (n=61)

TemperatureC) 38.1+0.7 38.2+0.9 0.84 38.0+0.6 38.7+4.8 0.77 38.1+ 38.6+4.2 0.44
Heart rate (beats/min) 121+19 113+19 0.38 127+30 4122 0.90 124+25 122+23 0.69
Mean arterial pressure (mmHg) 98+22 88+16 0.20 100+ 95+18 0.46 99+20 94+18 0.18
Leukocytes (X 1810) 20.9+13.4 16.516.4 0.45 17.048.1 18.1+10.0 0.78 1481.2 1.849.3 0.52
Hemoglobin (mmol/L) 11.2+2.6 11.3+2.4 0.94 10.9+2.2 11.5+2.4 0.36 11.0+2.4 11.4+2.4 0.42
Platelets (X 18uL) 2224145 1974141 0.38 231+129 212+148 0.49 226+136 08+245 0.53
Albumin (mg/d() 2.6+0.6 2.7+0.7 0.71 2.71£0.8 2.8104 0.84 2.610.7 .71@.5 0.33
pH 7.40+0.09 7.44+0.07 0.15 7.41+0.08 7.40+0.09 109 7.41+0.09 7.41+0.08 0.99
Bicarbonate (mmol/L) 26.0+9.8 22.6+3.1 0.39 26.8+7. 23.545.9 0.18 26.2+8.9 23.315.3 0.04
PaQ/FiO, (mmHg) 173485 222487 0.07 208189 2124105 0.98 18018 2154101 0.19
ESR (mm/hr) 53+35 54+35 0.83 70443 54+45 0.26 61+39 54+43 0.41
CRP (mgdl) 14.4+11.7 17.7+£10.7 0.28 18.2+12.7 16.8+16.7 0.31 6.2412.2 17.0+15.4 0.78
APACHE IIf 23.448.0 26.6+7.6 0.20 21.1+6.9 23.346.2 0.15 22.3+ 24.1+6.6 0.21
sAPS 49.5+£13.6 53.1+14.3 0.47 44.5+11.8 51.6+12.7 0.048 47.1+£12.9 51.9+12.9 0.06
SOFA 9.7£4.0 10.4+2.3 0.36 8.3+2.2 10.3+3.8 0.032 9.0+3. 10.3+3.5 0.07
Number of ventilator care 21 (96) 10 (72) 0.42 200) 42 (89) 0.45 40 (95) 52 (85) 0.25
T"’Se on a vasopressor 91.6+111.5 . . 108.2+96.2 . . 99.5+103.6 . .

efore corticosteroid (hr)
'”‘ﬂgfonrzel 8&323;"‘503’:;?‘ 19 (86) 10 (71) 0.48 16 (80) 35 (74) 0.64 35 (83) 5 (%4) 0.48
Duration from shock onset 2.2+2.8 1.2¢1.3 0.67 1.742.9 0.9+1.2 0.70 1.9+2.8 9%0.2 0.04

to ICU admission (days)
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Incidence of shock onset

after IGU admission 3(14) 4(29) 0.37 4(20) 12(26) 0.55 7(17) 16(26) 40.6
Duration from ICU admission
to shock onset (days) 5.0£3.6 11.5+19.7 0.86 3.0+3.4 2.6+2.7 0.95 3.9+3.3 4.8+9.9 0.81
Cortisol concentration (udt)
Before N 24.4+18.8 25.7+13.8 0.53 13.645.7 18.5+9.9 0.03 3475.0 20.2411.2 0.72
corticotropin stimulation te
S0minafter 27.0+18.2 30.1+10.6 0.13 26.3+9.2 32.6:+14.1 0.04 78614 31.9+13.4 0.06
corticotropin stimulation test
60 min after
corticotropin stimulation test 28.9+18.9 30+11.6 0.27 27.8+10.4 35.3x16.4 0.08 4985.3 34.0£15.5 0.07
Cortisol increase (ug/dL) 4.9+2.0 6+2.9 0.08 15.2+6 18.2+11.0 0.34 9.916.9 15.4+11.0 <0.01
* Results are based on patient responses to aartidotropin test. Data are presented as nung@eecéntage) unless otherwise indicated. Plus-mialuges are meanszstandard deviation

T Acute physiology and chronic health evaluatioRASHE) Il ranges from 0 to 67, with higher scomdi¢ating more severe organ dysfunction.

T Simplified Acute Physiology Score (SAPS) Il rasd®m 0 to 163, with higher scores indicating meegere organ dysfunction.

§ Sequential Organ Failure Assessment (SOFA) scagesfrom 0 to 24, with higher scores indicatingergevere organ dysfunction.
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3. Outcomes

Table 3 shows length (days) of ventilator carégrigive care unit stay, and
hospital stay of each group as well as rate of éatents.

In patients with relative adrenal insufficiencyeth were no statistically
significant differences in length of ventilator eaimtensive care unit stay, and
hospital stay between the corticosteroid and coasige groups (22.7+23.4
vs. 26.2+18.0,p=0.35; 23.5+80.9 vs. 22.5+21.1=0.86; 38.9+38.5 vs.
33.3+33.4, p=0.71). Likewise, in patients without relative ause
insufficiency, there were no statistically signéfit differences in length of
ventilator care, intensive care unit stay, and Habkpstay between the
corticosteroid and conservative groups (28.6+28.1 2&9+31.1,p=0.49;
28.9+27.0 vs. 26.1+30.4=0.42; 49.9+48.1 vs. 39.1+35.p=0.29). In all
patients, there were also no statistically sigaiftcdifferences in length of
ventilator care, intensive care unit stay, and Habkpstay between the
corticosteroid and conservative groups (25.5+24.7 243+28.9,p=0.84;
26.1+£23.9 vs. 25.3+28.8=0.88; 44.2+43.2 vs. 37.8+34650.41) (Table 3).

For rates of fatal events, there were no signitichifierences between the 2
treatment groups in rates of death at day 28, $intencare unit stay, and
hospital stay among patients with and without retaadrenal insufficiency as
well as among all patients (Table 3).

According to Kaplan-Meier analysis of death at @8yamong patients with
relative adrenal insufficiency, no significant éifénce was shown. There

were 9 deaths in 22 patients in the corticostegoidip (36.4%; 95% CI, 69.6-
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125.9) and 4 deaths in 14 patients in the condeevgtoup (28.6%; 95% ClI,
58.6-126.7;p=0.64)(Figure 2A). Among patients without relatiegrenal

insufficiency, no significant difference was showinere were 3 deaths in 20
patients in the corticosteroid group (15.0%; 95% ©15.1-219.9) and 14
deaths in 47 patients in the conservative group3f2995% ClI, 75.4-109.1,
(p= 0.16) (Figure 2B). Overall, there were 11 death€l2 patients in the
corticosteroid group (26.2%; 95% CI, 131.2-190.0d &l8 deaths in 61
patients in the conservative group (29.5%; 95% 1©I,1-110.0;p= 0.62),

resulting in no statistically significant differem¢Figure 2C).
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Table 3. Outcomes and Frequency of Fatal Events in Patign&ubgroup*

Relative Adrenal I nsufficiency (+)

Relative Adrenal Insufficiency (-)

All Patients
Outcomes Corticosteroid ~ Conservative  p-value  Corticosteroid Conservative  p-value  Corticosteroid Conservative  p-value
(n=22) (n=14) (n=20) (n=47) (n=42) (n=61)
Duration (days)
Ventilator care 22.7£23.4 26.2+18.0 0.35 28.6+£28.1 23.9+31.1 0.49 25.5%24.7 24.3+28.9 0.84
Intensive care unit stay 23.5+80.9 22.5+21.2 0.86 8.9227.0 26.1+30.2 0.42 26.1+23.9 25.3+28.3 0.88
Hospital stay 38.9+38.5 33.3£334 0.71 49.9+48.1 .18365.2 0.29 44.2+443.2 37.8+34.6 0.41
Fatal Events
28-day mortality 8 (36) 4 (29) 0.63 3 (15) 14 (30) 0.20 11 (26) 18 (30) 0.71
ICU mortality 11 (50) 6 (43) 0.68 9 (45) 17 (36) 50. 20 (48) 23 (38) 0.32
Hospital mortality 12 (55) 6 (43) 0.50 9 (45) 19)4 0.73 21 (50) 25 (41) 0.37
* Results are based on patient responses to a sbiitotropin test.
deviation.
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A. Patients with Relative Adrenal Insufficiency B. Patients without Relative Adrenal Insulficiency . All Patients
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Figure 2. Kaplan-Meier Curves for Survival at Day 28
For the comparison between the corticosteroid amservative groups, there were no significant téfiees among patients with relative adrenal insiefiicy (Panel A), without
relative adrenal insufficiency (Panel B), and alfients who underwent evaluation (Panel C).
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4. Comparison between Survivorsand Non-survivorsat Day 28

There were 74 survivors (71.8%) and 29 non-surgiy@a8.2%) at day 28-
test was performed to compare the characteristicsuovivors and non-
survivors. Basal serum cortisol was significantligh®er in non-survivors
(24.0+£13.2 pg/dl vs. 18.1+12.44g/dl; p=0.04). APACHE Il, SAPS, and
SOFA were also significantly higher in non-survisothan in survivors
(26.7£5.7 vs. 22.0+7.15<0.01; 55.9+12.7 vs. 47.6£1246<0.01; 12.4+3.8 vs.
8.8+2.8,p<0.01) (Table 4).

Table 4. Comparison between Survivors and Non-survivorsat P8*

Characteristics Survivors Non-survivors p-value
N=74 N=29

Age (yr) 67116 6314 0.27
Basal serum cortisol concentration (ug/dL) 18.1412. 24.0+13.2 0.04
Leukocytes (X 184L) 19.2+11.1 16.0+6.3 0.15
Hemoglobin (mmol/L) 11.3+2.4 11.2+2.2 0.79
Platelets (X 18/42) 231+133 176+157 0.08
Albumin (g/dL) 2.740.5 2.610.7 0.23
pH 7.42+0.08 7.38+0.08 0.01
Bicarbonate (mmol/L) 25.2+7.6 22.645.3 0.09
PaQ/FiO, (mmHg) 219+104 167+54.8 0.01
ESR (mm/hr) 58.8+42.3 52.7£39.1 0.51
CRP (mg/dL) 17.2+14.7 15.3+12.6 0.53
APACHE IIf 22.0+£7.1 26.7¢5.7 <0.01
SAPS 47.612.6 55.9+12.7 <0.01
SOFA 8.8+2.8 12.4+3.8 <0.01

* Plus-minus values are meanszstandard deviation

T The acute physiology and chronic health evalagdd®>ACHE) Il ranges from 0 to 67, with higher sesr
indicating more severe organ dysfunction.

¥ Simplified Acute Physiology Score (SAPS) Il rasdeom O to 163, with higher scores indicating more
severe organ dysfunction.

§ Sequential Organ Failure Assessment (SOFA) s@orges from O to 24, with higher scores indicating
more severe organ dysfunction.
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Cox proportional hazards analysis for 28-day miytathowed several
statistically significant predictors. Men had a dwazratio of 2.69 =0.04)
compared to women, and basal serum cortisol andAS©Oére also showed a
statistically significant hazard ratio of 1.04<0.01) and 1.23 p<0.01),

respectively (Table 5).

Table 5. Cox Proportional Hazards for 28-day Mortality

Hazard Ratio 95% CI* p-value
Age 1.00 0.98-1.03 0.83
Sex (M) 2.69 1.03-7.08 0.04
Basal serum cortisol concentration (ug/dL) 1.04 1.01-1.06 <0.01
pH 0.05 <0.01-2.04 0.12
APACHE II" 0.99 0.93-1.07 0.94
SAPS 0.99 0.95-1.03 0.68
SOFA 1.23 1.12-1.35 <0.01

* Cl, confidence interval.

T Acute physiology and chronic health evaluatiofPA&HE) Il ranges from 0 to 67, with higher
scores indicating more severe organ dysfunction.

1 Simplified Acute Physiology Score (SAPS) Il rasdgem 0 to 163, with higher scores indicating
more severe organ dysfunction.

§ Sequential Organ Failure Assessment (SOFA) scamges from 0 to 24, with higher scores
indicating more severe organ dysfunction.
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5. Comparison between Patients with and without Relative Adrenal

I nsufficiency

There were 36 patients (34.9%) with relative adrémsufficiency and 67
(65.1%) without. Basal serum cortisol was signifiba higher in patients
with relative adrenal insufficiency (24.9+16/&/d¢ vs. 17.1+£9.1pg/dY;
p<0.01) (Table 6). Indicators of disease severitghsas APACHE I, SAPS,
and SOFA showed no significant differences betwtihen2 treatment groups
(p=0.18, 0.61, and 0.64, respectively).

According to multivariate logistic regression arsidyfor relative adrenal
insufficiency, basal serum cortisol was signifi¢arassociated with relative
adrenal insufficiency with odds ratio of 1.055 forug/d? elevation of basal

serum cortisol§<0.01) (Table 7).
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Table 6. Comparison between Relative Adrenal Insufficieney Group and (-)
Group*

Relative Relative

Characteristics Adrenal Insufficiency (+)  Adrenal Insufficiency (-) p-value
n=36 n=67

Age (yr) 65.9+15.5 65.9+15.4 0.97
Basal serum cortisol (ug/dL) 24.9+16.8 17.1+9.1 040.
Leukocytes (X 1842) 1.9+1.1 1.849.4 0.51
Hemoglobin (mmol/L) 11.2+2.5 11.3+2.3 0.89
Platelets (X 1842) 212+142 218+142 0.86
Albumin (g/de) 2.60.6 2.7+0.6 0.50
pH 7.42+0.09 7.41+0.08 0.42
Bicarbonate (mmol/L) 24.7+8.0 24.3+6.6 0.81
PaQ/FiO; (mmHg) 192.087.6 211.0+100.0 0.34
ESR (mm/hr) 53.6+34.5 58.9+44.7 0.54
CRP (mg/dL) 15.7+11.3 17.2#15.5 0.59
APACHE II' 24.6+7.9 22.616.4 0.18
SAPS 50.9+13.8 49.5+12.8 0.61
SOFA 10.0£3.4 9.743.5 0.64

* Results are based on patient responses to a shditotropin test. Plus-minus values are means +
standard deviation.

t Acute physiology and chronic health evaluatioPA&HE) Il ranges from 0 to 67, with higher scores

indicating more severe organ dysfunction.

¥ Simplified Acute Physiology Score (SAPS) Il rasdeom 0 to 163, with higher scores indicating more
severe organ dysfunction.

§ Sequential Organ Failure Assessment (SOFA) s@orges from 0 to 24, with higher scores indicating

more severe organ dysfunction.
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Table 7. Multivariate Logistic Regression Analysis for Rélat
Adrenal Insufficiency

Oddsratio 95% CI* p-value
Age 1.02 0.99-1.04 0.30
Sex (male) 0.97 0.43-2.22 0.94
Basal serum cortisol concentration (ug/dL) 1.06 21109 <0.01
pH 14.11 0.15-1359.74 0.26
APACHE II" 1.09 0.99-1.19 0.08
SAPS 0.97 0.92-1.01 0.15
SOFA 1.01 0.87-1.17 0.88

* Cl, confidence interval

T Acute physiology and chronic health evaluatiofPA&HE) Il ranges from 0 to 67, with higher
scores indicating more severe organ dysfunction.

T Simplified Acute Physiology Score (SAPS) Il raadm 0 to 163, with higher scores indicating
more severe organ dysfunction.

§ Sequential Organ Failure Assessment (SOFA) scargemfrom 0 to 24, with higher scores
indicating more severe organ dysfunction.
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V. DISCUSSION

Use of corticosteroid in patients with severe sepsseptic shock has a long
history of controversy. Since the relationship besiw sepsis and relative
adrenal insufficiency was reported, a short cottaquin stimulation test was
recommended to identify relative adrenal insufficie (defined as post-

adrenocorticotropic hormone cortisol increas® pg/dl) and decide to

whom corticosteroid should be administetzd.

In this study, incidence of relative adrenal ingidincy was 45.6% (36 out
of 79 patients who underwent high dose corticotrogiimulation tests),
which was lower than a previous Korean report oa6%®but consistent with
recent findings by Sprung et al. (46.7 ¥b)°

This study is the first in Korea to evaluate thée@bs of corticosteroid on
survival of patients with and without relative aaé insufficiency. These
results showed that the use of low dose corticogtehad no significant
effects on the rate of death at day 28 in patirits and without relative
adrenal insufficiency, which is in contrast to tlesults by Annane et al. but
consistent with those of Sprung etat® The major differences in the reports
by Annane et al. and Sprung et al. were the seveiritdisease in each
population, randomization time, and method of codteroid treatment.
Patients in the study by Annane et al. showed hi§#d”S Il at baseline (60
in the steroid group, 57 in placebo) and highee wdtdeath at day 28 in the

placebo group (61%7. However, the patients in this study showed similar
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SAPS Il at baseline (47 in the corticosteroid grangd 52 in the conservative
group vs. 50 in the corticosteroid group and 4thanconservative group) and
similar rate of death at day 28 in the placebo gri80% vs. 32%) to patients
in the study by Sprung et ®l.The time interval between fulfilling entry
criteria and corticosteroid administration was mahbbrter in the Annane et al.
study than in this study (4.1 vs. 99.5 hrs) sinc@kment time was within 8
hrs after fulfilling entry criteria in the Annané @ In the study by Sprung
et al, they did not state the exact time interual énroliment was limited to
72 hrs after fulfilling entry criteria, so it shaube at least shorter than 99.5
hrs!® Therefore, in the study by Annane et al., becas®inistration time
corticosteroid to patients was very early, disestatus should have been more
severe.

As shown above, use of corticosteroid on patierits geptic shock is still
under debate. Even though several factors caugiey sdlifferent results
existed among the studies, immunologic mechanisn glucocorticoid
sensitivity should be taken into consideratibrin sepsis or septic shock
patients, activity of the hypothalamus-pituitary-@ul axis and sensitivity to
glucocorticoid were regulated. Generally, there \waseased sensitivity to
glucocorticoid, which might help to protect the amgsm as a whole through
supportive effects on metabolism and vasculatureoweéver, this
hypersensitivity was counteracted, possibly at gle of inflammation, by
high local concentrations of cytokines such as llas&d IL-4 that could

decrease glucocorticoid receptor-binding affinitpda T-cell respons®.
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Activated corticosteroid receptors also inhibitedipflammatory activity of
many growth factors and cytokines by blocking tcaipgion factors required
for expression or cellular action of these substahd? Consequently, as
more severe the inflammation was on going, gludommd might be both
beneficial and harmful.

Comparing the method of corticosteroid treatmemniyds stopped abruptly
after 7 days in the Annane et al. study whereasag tapered from day 5 to
day 11 in the Sprung et &1.*° In this study, corticosteroid was continuously
administered for at least 7 days and tapered flonger period than in the
Sprung et al® The reason for tapering instead of abrupt cessatib
corticosteroid was to reduce corticosteroid witldra symptoms such as
hemodynamic and immunologic rebound effects becatsdicosteroid
therapy restores hemodynamic stability and difféealy modulates
immunologic response to stress in an anti-inflanomyatmanner rather than
immunosuppressive:?’ However, longer use of corticosteroid could insgea
the chance of gastroduodenal bleeding, superinfectind hyperglycemfa.
In the study by Sprung et al., more superinfectindluding new episodes of
sepsis or septic shock, were observed in the ostécoid group, but there
were no significant differences between the 2 tneat groups in the rates of
adverse events possibly related to corticostenoithé study by Annane et
al.*> ** Moreover, previous reports stated that use of kigse corticosteroid
might increase the chance of such complicationghmre was no significant

increase of such complications during low doseicusteroid treatmerit;*
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Corticosteroid related adverse events were notreeden this study.

Several authors had shown bad prognosis with isededaseline cortisol,
correlating the highest cortisol levels with the sngevere illness and the
highest risk of mortality® ** ** 3In this study, basal serum cortisol was
significantly higher in non-survivors than in swmwis and it was also
significantly elevated in patients with relativeralal insufficiency than those
without. This result was compatible with the Annaeteal. study in which
patients with high basal cortisol and no respomsedrticotropin had the
highest risk of death’ Moreover, basal serum cortisol was not only a
significant predictor of mortality but also of respse to corticotropin in this
study. Therefore, elevated basal serum cortisatitically ill patients makes
it difficult to diagnose relative adrenal insufficicy.

Time to reversal of shock was not evaluated in thigdy because
vasopressors were tapered at different rates, deyeruh the attending
physicians. Therefore, time could not be an objeatneasure.

However, there were several limitations in thisdgtuFirst, the overall
number of patients enrolled was small and patienese not evenly
distributed into subgroups because of the retrasestudy design. Second,
because not all patients with relative adrenal ffitsency received
corticosteroid and some patients without relatideenal insufficiency did,
smaller number of patients were regrouped into suljgs. Third, the time
that the corticotropin stimulation test was dond #re time interval between

the corticotropin stimulation test and corticostérgiven varied. The duration
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of corticosteroid treatment and tapering methodeevedso different in each
patient. All of these factors showed inconsistestticosteroid treatments in
patients with septic shock. Even though attendimgsizians tried to manage
patients according to the sepsis management guéjethe possibility of
different management styles could not be ignoreaktly, enrolled patients
had been admitted to hospitals mainly due to médicablems so these
results might not be applicable to surgical paient
In summary, use of corticosteroid did not show lfiera effects on survival

of patients with septic shock, either overall orpatients who did not have

relative adrenal insufficiency.
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V. CONCLUSION

Corticosteroid did not improve survival of patiemgth septic shock
regardless of relative adrenal insufficiency. Thenes neither replacement of
corticosteroid nor corticotropin stimulation tesuéd be applied to all patients
with septic shock whether it was accompanied byatingd adrenal
insufficiency. Considering previous reports andfedénces in severity of
diseases in the population, very early corticosiea@ministration could be
recommended to patients with very high level okdie severity, but further
studies are needed on this issue. In addition) lsasam cortisol was not only
a significant predictor of mortality but also op®nse to short corticotropin

stimulation test.
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