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Abstract

Objectives: The current guidelines for managing patients with sepsis include the early cultures, administration of antibiotics,
and fluid resuscitation. Several clinical trials have tried to determine whether or not the administration of corticosteroids
improves outcomes in these patients. This study analyzed the characteristics of a large group of critically ill patients who
either had cortisol levels drawn during their intensive care unit management or had hydrocortisone administered during
their management.

Methods: A list of patients who had cortisol levels measured or who had hydrocortisone administered empirically for the
treatment of sepsis was identified by the medical record department at University Medical Center in Lubbock, Texas. The
primary outcome was in-hospital mortality. Secondary outcomes included the need for mechanical ventilation, the need for
renal replacement therapy, the need for vasopressors, length of stay, and the development of nosocomial infections.
Results: This study included 351 patients, including 194 women (55.3%). The mean age was 62.9 = |6.1 years. The mean
admission SOFA score was 9.3 = 3.63, the mean APACHE 2 score was 18.15*+ 7.7, and the mean lactic acid level was
3.8 £4.0mmol/L. One hundred sixty-two patients required intubation, 262 required vasopressors, 215 developed acute
kidney injury, and 319 had cortisol levels measured. The mean length of stay was | 1.5 = 13.7 days; the mortality rate was
32.2%. Multiple variable analysis demonstrated that higher cortisol levels were associated with increased mortality (44.1%
if cortisol =20 pg/dL versus 17.5% if cortisol <20pg/dL). One hundred forty-five patients received corticosteroids, and
multivariable analysis demonstrated that these patients had increased mortality (40.0% versus 26.7%).
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Conclusion: In this study, higher cortisol levels were associated with increased mortality. The administration of
hydrocortisone was associated with increased mortality possibly reflecting the use of this medication in patients who had a

higher likelihood of poor outcomes.
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Introduction

Sepsis has complex effects on host defenses and organ func-
tion caused by a dysregulated host defense response. The
Surviving Sepsis Campaign guidelines outlined the initial
management priorities in these patients.! These include rapid
assessment, collection of relevant cultures, the initiation of
antibiotic therapy, and fluid resuscitation. Some patients
with septic shock require vasopressor support. Important
complications include acute respiratory failure requiring
mechanical ventilation and acute kidney injury requiring
renal replacement therapy. The Surviving Sepsis Campaign
guidelines for 2021 make a weak recommendation for the
addition of hydrocortisone at 200 mg/day based on moderate
evidence in septic shock, but the optimal dose, timing of ini-
tiation, and duration of corticosteroids remain uncertain.’

The use of hydrocortisone has several favorable features,
including its low cost, simple administration, and ready avail-
ability. Studies have demonstrated that sepsis has a complex
effect on the hypothalamus—pituitary—adrenal axis but do not
identify a definite abnormality which has the potential for
reversal by exogenous corticosteroids. Venkatesh et al. rand-
omized 3800 patients with septic shock requiring mechanical
ventilation with vasopressor dependence.® There was no dif-
ference in mortality between the group treated with hydrocor-
tisone and the group treated with placebo. Annane et al.
completed a complex study of 1241 patients; one treatment
arm included hydrocortisone plus fludrocortisone. The
patients in this arm had a lower 90-day mortality rate and had
a higher number of vasopressor free-days and organ failure-
free days by day 28 of hospitalization.* Rygard et al. did a
meta-analysis of 22 randomized control trials that included
7297 patients.’ Patients treated with corticosteroids had a
shorter duration of shock, a shorter duration of mechanical
ventilation, and a lower number of intensive care unit (ICU)
days. However, there was no beneficial effect on either short-
term or long-term mortality.

Randomized control trials provide important information
and typically involve standardized protocols for patient man-
agement. Studies on the initial management steps of patients
with sepsis have improved outcomes and reduced mortality.
However, after the patient is admitted to the medical ICU,
management defaults to the physicians working in that ICU.
These patients usually have important differences in the
underlying infection, acute organ dysfunction, prior

comorbidity, and trajectory of clinical events. In this setting
with heterogeneous patients, the use of corticosteroids likely
has uncertain benefits. This study used real data and real evi-
dence from a large cohort of critically ill patients and focused
on relatively simple questions. What are the characteristics
and outcomes of patients who had a cortisol level measure-
ment and or received hydrocortisone during their ICU man-
agement for sepsis?

Methods

We conducted an observational retrospective study by
reviewing electronic medical records of patients aged 18—
89years old who were admitted to the medical ICU at
University Medical Center, Lubbock, Texas, from 1 January
2016 to 31 August 2018. The inclusion criteria included any
patient who had a cortisol level drawn during his or her ICU
admission, or had hydrocortisone administered during the
MICU admission, or both. The patients meeting these crite-
ria were identified by requesting the Informational
Technology department to produce a report. The initial list
included 602 patients, and all medical records then were
reviewed to identify patients with diagnosis of sepsis/septic
shock with identifiable or suspected source of infection who
were hemodynamically unstable (defined as systolic blood
pressure (SBP) <90 mmHg or mean arterial pressure (MAP)
<65mmHg) or had organ failure. Patients who did not meet
these criteria were not further characterized or analyzed.
Baseline characteristics, including age, gender, home
medications (chronic corticosteroids or opioids), etiology of
sepsis, co-morbidities, hemodynamic parameters (blood
pressure, mean arterial pressure, and heart rate) on admis-
sion, length of hospital stay, SOFA score,’ Glasgow coma
scale,” APACHE 1I score,® adrenal response if tested, use of
etomidate for intubation, dose of corticosteroids, duration of
corticosteroid administration, and method of weaning
(stopped abruptly, weaned off by reducing daily dosage, or
kept at same dose for more than 10 days with no clear plan to
decrease dose), were retrieved from medical records. The
timing of cortisol measurements was based on physician
judgment. The principal outcome was ICU mortality. Some
patients were started on stress dose corticosteroids after ade-
quate fluid resuscitation (defined as 30 mL/kg) and the sub-
sequent use of vasopressors. These management decisions
were made by the MICU team and were not based on any
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Table I. Patient characteristics and clinical information based on steroid administration.

Factors Total Received steroids p Value
Yes No
Number of patients (%) 351 145 (41.31) 206 (58.69)
Female gender (%) 194/351 (55.27) 75/145 (51.72) 119/206 (57.77) 0.277
Age (years) 62.94+16.09 60.97 = 15.42 64.33+ 16.45 0.023
Admission SBP (mmHg) 106.74 = 30.12 104.31 £24.34 108.45 = 33.54 0.614
Admission DBP (mmHg) 62.58+19.83 61.00=19.16 63.68+20.26 0.129
Admission SOFA 9.32+3.63 10.32£3.76 848+ 331 <0.001
Admission APACHE Il 1851 £7.74 19.77 £7.48 17.52 £7.83 0.006
Admission lactic acid (mmol/L) 3.83+4.00 4.08 =4.07 3.63+3.94 0518
Admission procalcitonin (ng/mL) 10.24 =21.76 14.06 = 26.66 7.60*+17.29 0.655
Admission CRP (mg/dL) 13.99 = 14.87 14.19 £ 15.79 13.82 £ 14.42 0.602
Admission ESR (mm/h) 47.43 +25.98 55.58 £27.17 39.28 £22.98 0.112
Received etomidate during intubation (%) 64/351 (18.23) 37/145 (25.52) 27/206 (13.11) 0.005
Serum cortisol level (ng/dL) 21.76 £ 15.39 18.52+ 16.43 23.69 = 14.45 <0.001
Serum cortisol level (pg/dL)* 17.8 (11.4,25.9) 13.0 (8.3, 20.7) 20.5 (13.8, 28.2)
Mortality (%) 113/351 (32.19) 58/145 (40) 55/206 (26.7) 0.011
Required intubation (%) 162/339 (47.79) 84/143 (58.74) 78/196 (39.80) 0.001
Days on mechanical ventilator 3.28+5.48 3.76 593 2.88+5.06 0.016
Required vasopressors (%) 262/344 (76.16) 127/141 (90.07) 135/203 (66.5) <0.001
Days on vasopressors 2.73+3.52 3.15*+3.7 2.38*+3.35 0.002
Developed AKI (%) 215/343 (62.68) 96/144 (66.67) 1197199 (59.8) 0.214
Required RRT (%) 62/268 (23.13) 32/113 (28.32) 30/155 (19.35) 0.106
Developed hospital-acquired infection (%) 32/265 (12.08) 18/111 (16.22) 14/154 (9.09) 0.088
Length of hospital stay (days) 1146 £ 13.74 11.64+13.16 11.33£14.16 0.835

*Median (25th, 75th percentiles).

standard protocol. Other outcomes included the need for
vasopressors and time on vasopressors, the development of
acute kidney injury and the need for renal replacement ther-
apy (RRT), the need for intubation and the days of mechani-
cal ventilation, and the incidence of new infection.

Statistical analysis

Descriptive statistics were used to describe the characteris-
tics of the study participants. Categorical variables were
summarized as frequencies and percentages, and continuous
variables were summarized using means and standard devia-
tions or medians and ranges, as appropriate. Logistic regres-
sion models were used to evaluate the associations between
serum cortisol level and the risks of mortality, RRT, acute
kidney injury (AKI), and infection, while adjusting for other
risk factors. Poisson regression models were used to evaluate
the associations between serum cortisol level and days on
mechanical ventilation, vasopressors, and length of hospital
stay, while adjusting for other risk factors. The same analy-
ses were also performed when serum cortisol was dichoto-
mized by using a cutoff value of 20 pg/udL. The statistically
significant level was set at 0.05. Multiple testing adjustment
was not performed. Analyses were performed using SAS
(Windows version 9.4; SAS Institute, Cary, NC, USA) and

the statistical program R version 4.0.2 (https://cran.r-project.
org/).

This study was approved by the Institutional Review
Board at Texas Tech University Health Sciences Center
(L19-091) in Lubbock, Texas.

Results

This study included 351 patients, including 194 women
(55.3%). The mean age was 62.9 = 16.1 years. The mean
admission SOFA score was 9.3 = 3.63, the mean APACHE 2
score was 18.15 = 7.7, and the mean lactic acid level was
3.8 =4.0mmol/L (Table 1). Seventy-two patients had posi-
tive blood cultures, 34 patients had positive urine cultures,
24 patients had positive respiratory tract cultures, 16 patients
had positive abdominal/GI cultures, and 8 patients had posi-
tive wound cultures. One hundred sixty-two patients required
intubation, 262 required vasopressors, 215 developed AKI,
and 32 developed hospital-acquired infection. The overall
mean length of stay was 11.5 = 13.7 days; the mortality rate
was 32.2%.

These patients were split into two groups based on the
receipt of corticosteroids and cortisol levels. One hundred
forty-five patients (41.3%) received corticosteroids (Table
1), and 136 patients (42.6%) had cortisol levels >20mcg/dL
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(Tables 2(a)). Cortisol was measured on hospital day
1.9 £4.4. Differences between the patients who received
corticosteroids and the patients who did not receive corticos-
teroids are reported in Table 1. Patients who received corti-
costeroids had lower cortisol levels (18.5*=16.4 versus
23.7+14.5, p<0.001), higher rates of intubation (58.7%
versus 39.8%, p=0.001), higher rates of vasopressor use
(90.1% versus 66.5%), p<<0.001), higher SOFA scores,
higher APACHE scores, and higher mortality rates (40.0%
versus 26.7%, p=0.011). One hundred nineteen patients had
both a cortisol level drawn and received hydrocortisone.
Patients who had cortisol levels <10mcg/dL had lower mor-
tality rates (10.5%, 10/46) than patients with cortisol levels
of 10— 20mcg/dL (25.6%,11/43) and patients with cortisol
levels >20mcg/dL (60%, 18/30) (p=0.001, in unadjusted
analysis).

Important differences between patients who had cortisol
levels =20 mcg/dL and patients who had cortisol levels
<20mcg/dL are reported in Table 2(a). Patients who had
cortisol levels =20 mcg/dL had higher mortality rates
(44.1% versus 17.5%, p<0.001) and developed AKI more
frequently (70.2% versus 18.5%, p=0.009). Patients were
also split into quartiles based on cortisol levels (Table 2(b)).
Patients in the highest quartile had mean cortisol levels of
43.7 = 13.8 ug/dL. These patients had increased APACHE 2
scores and increased admission lactic acid, increased procal-
citonin, and increased admission CRP levels. They were
more likely to develop AKI (78.5%) and had higher mortal-
ity rates (51.3%).

Multivariable analysis indicated that patients with higher
cortisol levels (entered as a continuous variable) had an
increased odds ratio for mortality (adjusted odds ratio
(AOR)=1.04 95% confidence interval (CI)=1.02—-1.07);
patients with higher admission SOFA scores also had
increased odds ratios for mortality (AOR=1.32, 95%
CI=1.15-1.52) (Table 3). When the analysis was repeated
using cortisol as a binary variable, patients with cortisol lev-
els of = 20mcg/dL and higher admission SOFA scores had
an increased odds ratio for mortality (Table 4). Patients with
increased APACHE 2 scores had increased odds ratios for
the development of AKI (AOR=1.09, 95% CI=1.03-1.16)
(Table 4). Patients who received corticosteroids required
mechanical ventilation (AOR=1.66, 95% CI=1.02-2.27)
and vasopressors (AOR=1.56, 95% CI=1.10-2.22) for
longer periods (Tables 5 and 6). Patients with increased
admission SOFA scores required vasopressors for longer
periods (AOR=1.08, 95% CI=102 versus 1.15) (Tables 5
and 6).

Discussion

This study provides information on a group of patients hos-
pitalized in a medical ICU with sepsis and septic shock.
Cortisol levels were measured in the subset of patients based
on decisions made by the clinicians managing these patients.

Hydrocortisone was added to the therapeutic regimen in
these patients also based on clinical decisions. There was no
protocol dictating when to collect cortisol levels or when to
start hydrocortisone. Consequently, this represents “a real
world” study that provides us with information on outcomes
in a heterogeneous group of patients. Higher cortisol levels
were associated with increased mortality and increased AKI.
Administration of hydrocortisone was associated with
increased acute respiratory failure, increased vasopressor
use, and increased mortality. This study suggests that high
cortisol levels in critically ill patients indicates that these
patients are at increased risk for complications and for mor-
tality. Cortisol levels seem to represent a parameter of cur-
rent levels of stress. The use of hydrocortisone did not
improve outcomes, and its use was either associated with
worse outcomes or was primarily used in patients who are at
risk for worse outcomes, except possibly in the patients with
cortisol levels <10 micrograms per deciliter (based on unad-
justed comparisons).

Randomized control trials have provided mixed results on
the use of hydrocortisone in patients with septic shock.
Venkatesh and coworkers randomized 3800 patients with
septic shock requiring mechanical ventilation into one cohort
receiving 200 mg/day of hydrocortisone by continuous infu-
sion and into one cohort receiving placebo.’ They had been
treated with vasopressors for a minimum of 4 h up to the time
of randomization. The median APACHE 2 score was 24.0,
the highest lactate level was 34.2mg/dL, the lowest PaO,/
FiO, ratio was 64.6mmHg. At 90 days, there was no differ-
ence in mortality between the hydrocortisone group and the
placebo group. In addition, there was no significant differ-
ence in mortality at 28 days, the rate of recurrence of shock,
the number of days alive and out of the ICU, the number of
days alive and out of the hospital, the recurrent need for
mechanical ventilation, the rate of RRT, and the incidence of
new onset bacteremia or fungemia. The percentage of
patients with adverse events was higher in the hydrocorti-
sone group than the placebo group. Important events include
hyperglycemia, hyponatremia, and myopathy.

Annane et al. included 1241 patients in a randomized con-
trol trial that compared outcomes in patients who received
hydrocortisone plus fludrocortisone, drotrecogin alfa, a com-
bination of these three drugs, or placebo.* These patients
were entered into this trial if they had septic shock for less
than 24h, a clinically or microbiologically documented
infection, an increased SOFA score, and receipt of a vaso-
pressor for at least 6h. Patients received hydrocortisone
50mg IV every 6 h and fludrocortisone 50 mcg daily by tab-
let. The 90-day mortality rate was lower in the hydrocorti-
sone plus fludrocortisone group. The number of
vasopressor-free days at day 28 and the number of organ
failure-free days were higher in the patients treated with
active drug. The risk of hyperglycemia was significantly
higher in the hydrocortisone group, but the risks for GI
bleeding and superinfection were not higher. The difference
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Table 2. (a) Patient characteristics and clinical information by cortisol level.
Factors Total Cortisol level =20 ng/dL p Value
Yes No
Number of patients (%) 319 136 (42.63) 183 (57.37)
Female gender (%) 184/319 (57.68) 88/136 (64.71) 96/183 (52.46) 0.030
Age (years) 63.08 = 16.19 66.65 * 14.89 60.44 = 16.65 0.001
Admission SBP (mmHg) 107.45 +30.52 107.66 = 31.79 107.28 +29.63 0.876
Admission DBP (mmHg) 63.18 =20.02 62.1 £19.16 63.97 =20.66 0.696
Admission SOFA 9.14£3.63 9.72 = 3.66 8.7+3.56 0.06
Admission APACHE Il 1822 +7.73 19.09 = 7.06 17.54+8.18 0.188
Admission lactic acid (mmol/L) 383*+4.14 4.65+4.68 3.17 =351 0.004
Admission procalcitonin (ng/mL) 8.82+19.3 11.17 £22.69 6.69 = 15.48 0.004
Admission CRP (mg/dL) 1343 £15.14 19.06 £ 17.86 6.39 599 0.008
Admission ESR (mm/h) 45.76 =25.2 44.04 +25.39 47.08 =26 0.877
Received etomidate during intubation (%) 50/319 (15.67) 26/136 (19.12) 24/183 (13.11) 0.162
Serum cortisol level (ng/dL) 21.76 = 15.39 35.04 = 14.87 11.89+45 <0.001
Mortality (%) 92/319 (28.84) 60/136 (44.12) 32/183 (17.49) <0.001
Required intubation (%) 136/307 (44.3) 68/133 (51.13) 68/174 (39.08) 0.038
Days on mechanical ventilator 3.34+55 355591 3.15%5.12 0.865
Required vasopressors (%) 235/314 (74.84) 106/134 (79.1) 129/180 (71.67) 0.149
Days on vasopressors 2.84+3.67 29*+4.18 278 =3.21 0.599
Developed AKI (%) 192/311 (61.74) 94/134 (70.15) 98/177 (55.37) 0.009
Required RRT (%) 56/239 (23.43) 32/109 (29.36) 24/130 (18.46) 0.065
Developed hospital-acquired infection (%) 30/240 (12.5) 15/98 (15.31) 15/142 (10.56) 0.322
Length of hospital stay (days) 1149+ 13.58 11.07 = 12.21 11.82+ 14.55 0.159
Numbers in bold represent statistically significant results at a p value less that 0.05.
(b). Patient characteristics and clinical information, by cortisol level quantiles.
Factors Cortisol level p Value

First quantile

Second quantile

Third quantile

Fourth quantile

Number of patients (%)

Serum cortisol level (ng/dL)
Female gender (%)

Age (years)

Admission SBP (mmHg)
Admission DBP (mmHg)
Admission SOFA

Admission APACHE ||
Admission lactic acid (mmol/L)
Admission procalcitonin (ng/mL)
Admission CRP (mg/dL)
Admission ESR (mm/h)
Received etomidate during intubation (%)
Mortality (%)

Required intubation (%)

Days on mechanical ventilator
Required vasopressors (%)

Days on vasopressors
Developed AKI (%)

Required RRT (%)

Developed hospital-acquired infection (%)
Length of hospital stay (days)

21.76 = 1539
184/319 (57.68)
63.08+ 16.19
107.45 + 30.52
63.18 +20.02
9.14+3.63
1822+ 7.73
3.83+4.14
8.82+19.3
13.43 + 15.14
4576 =252
50/319 (15.67)
92/319 (28.84)
136/307 (44.3)
334+55
235/314 (74.84)
2.84+3.67
192/311 (61.74)
56/239 (23.43)
30/240 (12.5)
11.49 + 13.58

80 (25.08)
7.64+2.42
45/80 (56.25)
58.1 = 16.64
108.39 = 28.06
65.67 = 22.14
8.81 +3.56
16.19 +8.28
2.83 +4.03
4.86=10.18
729+75
49.12+32.86
12/80 (15)
12/80 (15)
32/77 (41.56)
2.68=4.16
56/78 (71.79)
2.75+29
39/78 (50)
7/53 (13.21)
7/62 (11.29)
9.79+9.25

80 (25.08)
1413+ 1.76
38/80 (47.5)
6249+ 16.61
105.76 = 29.79
6224+ 1891
8.54 +3.58
1833 +82I
3.44 +3.02
7.95+ 18.95
4.92+295
493332l
9/80 (11.25)
14/80 (17.5)
28/76 (36.84)
3+42

53/79 (67.09)
2.64+322
46/76 (60.53)
11/58 (18.97)
8/63 (12.7)
12.99 + 18.96

79 (24.76)
2153221
4779 (59.49)
64.28 % 15.63
109.71 =31.05
63.7 % 19.67
9.18+35
17.7+6.73
3.49+335
8.76 = 19.49
10.82 +9.28
28.73 = 19.66
17/79 (21.52)
25/79 (31.65)
31/75 (41.33)
327+6.11
59/78 (75.64)
261 +3.15
45/78 (57.69)
19/60 (31.67)
4/58 (6.9)
12.18 + 10.09

80 (25.08)
43.75+13.78 <0.001
54/80 (67.5)
67.49 = 14.66
105.95 + 33.35
61.1 1928
10378
20.54 = 7.14
531+523
12.35+23.69
23.77 +20.69
56.5 = 19.49
12/80 (15)
41/80 (51.25)
45/79 (56.96)
421 +6.73
67/79 (84.81)
327 +488
62/79 (78.48)
19/68 (27.94)
11/57 (19.3)
10.94+ 13.62

0.082
0.005
0.612
0.846
0.209
0.030
0.001
0.015
0.043
0.222
0.370
<0.001
0.064
0.793
0.063
0.887
0.002
0.077
0.261
0.141
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Table 3. Clinical outcomes and risk factors.

Effect Mortality (N=192%) Required RRT Developed AKI Developed
(N=152%) (N=191%) infection (N=145%)
67 expired; 125 alive 43 required; 109 not 140 yes; 51 no 26 yes; 119 no

Serum cortisol (ug/dL) 1.04 (1.02, 1.07) 1.01 (0.98, 1.03) 1.02 (0.99, 1.05) 1.03(1.00, 1.05)
Steroid (received versus not) 1.15 (0.53, 2.48) 1.82(0.80, 4.18) 0.92 (0.44, 1.95) 1.78(0.71, 4.47)
Age 1.02 (0.99, 1.04) 1.01 (0.98, 1.03) 1.00 (0.98, 1.02) 1.00 (0.97, 1.03)
Gender (Male versus Female) 0.96 (0.47, 1.95) 0.49 (0.22, 1.10) 0.51 (0.25, 1.04) 0.96 (0.40, 2.30)
Admission SBP (mmHg) 1.00 (0.99, 1.02) 1.03 (1.01, 1.05) 0.99 (0.97, 1.01) 1.02 (0.99, 1.04)
Admission DBP (mmHg) 1.00 (0.97, 1.03) 0.97 (0.94, 1.00) 0.99 (0.96, 1.01) 0.98 (0.95, 1.02)
Admission SOFA 1.32 (1.15, 1.52) 1.15 (1.01, 1.32) 0.94(0.83, 1.05) I.11 (0.94, 1.30)
Admission APACHE Il 1.02 (0.97, 1.08) 1.01 (0.95, 1.06) 1.09 (1.03, 1.16) 1.03 (0.96, 1.10)
Admission lactic acid (mmol/L) 1.06 (0.98, 1.15) 1.08 (0.99, 1.17) 1.05 (0.96, 1.16) 0.89 (0.77, 1.04)
AUC of the ROC curve 0.837 0.786 0.777 0.742

Presented as adjusted odds ratios. Risk factors adjusted include serum cortisol, steroid use, age, gender, admission SBP, DBP, SOFA, APACHE Il score,
and lactic acid. ¥*Due to missing values. A | pug/dL increase in serum cortisol is associated with a 4% increase in the odds of in-hospital mortality, adjusting
for other risk factors. A one unit increase in admission SOFA is associated with a 32% increase in the odds of in-hospital mortality.

Table 4. Clinical outcomes and risk factors with binary serum cortisol levels.

Effect Mortality (N=192%) Required RRT Developed AKI Developed infection
(N=152%) (N=191%) (N=145%)
67 expired; 125 alive 43 required; 109 not 140 yes; 51 no 26 yes; 119 no

Serum cortisol (=20 versus <20 ng/dL) 4.26 (1.92, 9.46)
Steroid (received versus not) 1.42 (0.64, 3.18)

1.70 (0.70, 4.09)
2.08 (0.87, 4.96)

1.69 (0.77, 3.73)
0.97 (0.45, 2.08)

2.14 (0.79, 5.75)
1.92 (0.74, 4.96)

Age 1.02 (0.99, 1.04) 1.00 (0.98, 1.03) 1.00 (0.98, 1.02) 0.99 (0.96, 1.03)
Gender (Male versus Female) 0.94 (0.46, 1.92) 0.49 (0.21, 1.11) 0.50 (0.24, 1.01) 0.97 (0.41, 2.33)
Admission SBP (mmHg) 1.00 (0.99, 1.02) 1.03 (1.01, 1.05) 0.99 (0.97, 1.01) 1.02 (0.99, 1.04)
Admission DBP (mmHg) 1.00 (0.98, 1.03) 0.97 (0.94, 1.00) 0.99 (0.96, 1.01) 0.98 (0.95, 1.02)
Admission SOFA 1.32 (1.15, 1.52) 1.15 (1.00, 1.31) 0.94 (0.83, 1.06) 1.10 (0.94, 1.30)
Admission APACHE Il 1.03 (0.98, 1.09) 1.01 (0.95, 1.07) 1.10 (1.04, 1.16) 1.03 (0.96, 1.11)
Admission lactic acid (mmol/L) 1.06 (0.98, 1.15) 1.08 (0.99, 1.17) 1.06 (0.96, 1.16) 0.92 (0.80, 1.06)
AUC of the ROC curve 0.845 0.796 0.775 0.744

Presented as adjusted odds ratios. Risk factors adjusted include serum cortisol, steroid use, age, gender, admission SBP, DBP, SOFA, APACHE Il score,
and lactic acid.

*Due to missing values. Patients with =20 ng/dL serum cortisol had more than 300% increase in mortality compared to those with serum cortisol
<20 pg/dL.

Numbers in bold represent statistically significant results at a p value less that 0.05.

Table 5. Days on ventilation, vasopressors, LOS, and risk factors.

Effect Days on mechanical Days on vasopressors Length of hospital stay
ventilation (N=141%) (N=174%) (N=188%)

Serum cortisol (ug/dL) 1.01 (0.99, 1.02) 1.00 (0.99, 1.01) 1.00 (0.99, 1.01)

Steroid (received versus not) 1.66 (1.02, 2.71) 1.56 (1.10, 2.22) 1.16(0.86, 1.56)

Age 1.00 (0.98, 1.01) 1.01 (1.00, 1.02) 0.99 (0.99, 1.00)

Gender (Male versus Female) 0.93 (0.57, 1.52) 1.13 (0.80, 1.58) 1.07 (0.80, 1.42)

Admission SBP (mmHg) 1.01 (1.00, 1.02) 1.00 (1.00, 1.01) 1.01 (1.00, 1.02)

Admission DBP (mmHg) 0.99 (0.97, 1.01) 0.99 (0.98, 1.00) 0.99 (0.98, 1.00)
Admission SOFA 1.06 (0.97, 1.15) 1.08 (1.02, 1.15) 0.99 (0.94, 1.04)
Admission APACHE Il 1.00 (0.96, 1.03) 0.99 (0.97, 1.02) 1.01 (0.99, 1.04)

Admission lactic acid (mmol/L) 0.98 (0.94, 1.03) 0.99 (0.96, 1.03) 0.98 (0.94, 1.02)

Risk factors adjusted include serum cortisol, steroid use, age, gender, admission SBP, DBP, SOFA, APACHE Il score, and lactic acid.

*Due to missing values in covariates. Patients who received steroid had a 66% increase in the time on mechanical ventilator, compared to those who did not re-
ceive steroids. Patients who received steroids had a 56% increase in the time on vasopressor, compared to those who did not receive steroids. One-year increase
in age is associated with a 1% increase in the time on vasopressor, and one unit increase in SOFA is associated with an 8% increase in the time on vasopressor.
Numbers in bold represent statistically significant results at a p value less that 0.05.
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Table 6. Days on ventilation, vasopressors, LOS, and risk factors with binary serum cortisol levels.

Effect Days on mechanical ventilation Days on vasopressors Length of hospital stay
(N=141%) (N=174%) (N=188%)

Serum cortisol (=20 versus <20 pg/dL) 1.19 (0.69, 2.06) 1.23 (0.84, 1.79) 0.90 (0.67, 1.22)
Steroid (received versus not) 1.66 (1.00, 2.75) 1.64 (1.14, 2.37) 1.14 (0.85, 1.54)

Age 1.00 (0.98, 1.01) 1.01 (1.00, 1.02) 1.00 (0.99, 1.01)
Gender (Male versus Female) 0.94 (0.58, 1.54) 1.14 (0.81, 1.60) 1.06 (0.80, 1.41)
Admission SBP (mmHg) 1.01 (1.00, 1.02) 1.00 (1.00, 1.01) 1.01 (1.00, 1.02)
Admission DBP (mmHg) 0.99 (0.97, 1.00) 0.99 (0.98, 1.00) 0.99 (0.98, 1.00)
Admission SOFA 1.05 (0.97, 1.15) 1.08 (1.02, 1.15) 0.99 (0.94, 1.04)
Admission APACHE Il 1.00 (0.97, 1.03) 0.99 (0.97, 1.02) 1.01 (0.99, 1.03)

Admission lactic acid (mmol/L) 0.99 (0.94, 1.03)

0.99 (0.96, 1.03) 0.98 (0.94, 1.02)

Risk factors adjusted include serum cortisol, steroid use, age, gender, admission SBP, DBP, SOFA, APACHE Il score, and lactic acid.

*Due to missing values in covariates.

Numbers in bold represent statistically significant results at a p value less that 0.05.

in outcomes between these two randomized control trials
may reflect the effect of fludrocortisone on outcomes or it
may reflect the fact that patients in the Annane trial had to
have shock for <24h before entry. The Surviving Sepsis
Campaign guidelines published in 2021 concluded that cor-
ticosteroids improved shock resolution and increased vaso-
pressor-free days. This resulted in a weak recommendation
of using low-dose corticosteroids and septic shock in patients
with an ongoing requirement for vasopressors.! Our study
would not support this conclusion but has the limitations of a
retrospective study with patient management by several cli-
nicians who may have different perspectives about the use of
corticosteroids.

The hypothalamus—pituitary—adrenal axis has complex
responses during acute stressful disorders such as sepsis.”!?
The hypothalamus produces corticotropin releasing hormone
and arginine vasopressin that increase the release of ACTH.
This leads to increased adrenal hormone production and
increased cortisol levels. Cortisol metabolism is decreased in
both the liver and kidney during sepsis, and this increases the
half-life. The cellular effects of cortisol are mediated by
binding to the glucocorticoid receptor, which allows entry
into the nucleus and mitochondria. This results in either
increased or decreased transcription of pro-inflammatory
genes. However, some studies suggest that tissues are resist-
ant to glucocorticoids during sepsis, and even though levels
are high there is not necessarily an increase in transcriptional
activity. Studies have not identified an optimal level of corti-
sol associated with improved outcomes.

Sam et al. measured cortisol levels in 100 patients with
sepsis.!! These levels were measured within the first 48h of
the development of severe sepsis or septic shock. Typically,
the levels were obtained in the early morning. There was a
significant spread in the cortisol levels in these patients, and
they ranged from less than 345nmol/L (12.5mcg/dL) to
greater than 1242nmol/L (45.2mcg/dL). They classified
these patients into four groups. Patients in the group with the
highest cortisol level had increased mortality (81%). In three
groups there was no correlation between the APACHE 2

scores and the cortisol levels. In addition, there was no sig-
nificant difference in the glucose levels in the four cortisol
groups. There was a significant variability in the APACHE 2
scores and glucose levels in each cortisol group. These
authors concluded that high cortisol levels in patients with
septic shock were associated with increased mortality.
Goodman et al.'”> measured unstimulated and ACTH-
stimulated cortisol levels in 34 patients with sepsis on days
1, 2, and 28. Cortisol levels ranged from 221nmol/L
(8.01 mcg/dL) to 1545 nmol/L (56 mcg/dL) on day 1. Eight
patients had unstimulated cortisol levels of less than 15 mcg/
dL on days 1 and 2, a result consistent with adrenal insuffi-
ciency. Patients with the lower unstimulated cortisol levels
had longer ICU and hospital lengths of stay.

Vassiliadi and co-authors measured baseline cortisol,
stimulated cortisol levels, and ACTH every 3-4days from
30days levels in 51 consecutive mechanically ventilated
patients with sepsis.'* They did not find significant variation
in either baseline or stimulated cortisol levels. ACTH levels
were low on day 1 and then increased after day 10. Depending
on the definition used, there was significant patient variabil-
ity in the diagnosis of adrenal dysfunction at different time
points. Many patients changed classification between having
and not having adrenal dysfunction depending on the times
they were tested. These authors suggested that ACTH stimu-
lating tests in patients with sepsis may not have much utility.
Venkatesh et al. briefly discussed 10 misconceptions about
cortisol in critically ill patients.'*

Important comments relevant to this discussion include
the observation that higher random cortisol levels are associ-
ated with greater mortality and that there is a substantial
variation in cortisol levels in these patients. In our study,
higher cortisol levels were associated with increased mortal-
ity and other adverse clinical events. Therefore, high cortisol
levels should lead to a review of the clinical status and man-
agement plans for that particular patient. Levels below
10 mcg/dL suggests that the patient may have adrenal insuf-
ficiency and may warrant replacement therapy, but not nec-
essarily pharmacologic doses.
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Sepsis causes complex pathophysiologic responses in
patients, including the activation phagocytes, the production
of cytokines, the activation of complement, and alterations in
mitochondrial function resulting in the production of reac-
tive oxygen and nitrogen species.!>!® There is no uniform
pattern for the development and trajectory of these responses.
Consequently, the introduction of additional treatment in
patients with prolonged and refractory sepsis has a high like-
lihood of failure unless an easily identifiable subgroup of
patients qualifies for this add-on treatment. For example,
Andrades et al. reviewed redox pathways in patients with
sepsis and found that these patients often have reduced anti-
oxidant levels and increased oxidant levels.!” Jensen et al.
reported that patients with sepsis have prolonged reactive
oxygen species production from monocytes up to 28 days.!®
Studies on the use of vitamin C as an antioxidant illustrate
the difficulties in using a single drug in heterogeneous group
of patients.!*2! Hydrocortisone might be beneficial in some
patients, but we do not know which patients and how much
and when it should be started. This drug even in pharmaco-
logic doses is unlikely to benefit patients with glucocorticoid
resistance.?? Recent systematic reviews and meta-analyses
on the use of hydrocortisone in patients with sepsis and sep-
tic shock have provided disparate results.>2324

This study has the usual limitations often associated with
retrospective studies. Cortisol levels were collected based on
clinical decisions made during patient management. In gen-
eral, they were collected early in the hospital course but not
in all cases. Patients in whom cortisol levels were measured
later in the course likely have worse outcomes because they
had been sick for a longer period of time. Consequently,
there was no consistent protocol for measuring cortisol lev-
els. In this study hydrocortisone was started based on clinical
judgment and not based on either protocol or on a particular
cortisol level. Most of these patients likely had persistent
vasopressor-dependent shock with no other obvious man-
agement option. There was no protocol used for starting
hydrocortisone in these patients. The study protocol did not
have an a priori number of subjects needed to complete the
analysis, that is, there was no power analysis used in the ini-
tial study design. The study design did not include the typical
inclusion and exclusion criteria used in randomized control
trials. However, this study was based on real data from a
large cohort of critically ill patients. Therefore, this informa-
tion complements information developed in randomized
control trials. Real world evidence/information has been
used in other studies to provide information on the natural
history and course of diseases, effectiveness studies, out-
come studies, and safety surveillance.?

Conclusion

In summary, patients with sepsis and septic shock have a
wide range of cortisol levels. In this study, higher levels were
associated with increased mortality and presumably reflect
the overall level of clinical stress in these patients. The use of

hydrocortisone did not improve outcomes and, in fact, was
associated with increased mortality except possibly in
patients with low cortisol levels. This could reflect adverse
effects of the drug or the use of the drug in patients who had
a high likelihood of an adverse outcome. Consequently, cli-
nicians could consider measuring cortisol levels as an addi-
tional parameter that has the potential to predict outcomes.
The use of hydrocortisone in patients with refractory shock
has a relatively low likelihood of improving outcomes and
can potentially increase the number of adverse events.
Therefore, the use of this drug in critically ill patient requires
careful consideration of the potential advantages and disad-
vantages; in particular, the best dose remains uncertain.
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