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Abstract

The role of adjunctive corticosteroid in septic shock remains debatable, and its role has not been assessed in neutropenic patients.
We evaluated whether hydrocortisone reduces 28-day mortality in neutropenic patients with septic shock. We conducted a
retrospective cohort study between January 2012 and May 2017 at a tertiary care center in South Korea. Patients who developed
septic shock treated with at least one vasopressor and whose absolute neutrophil count was < 1000 cells/uL were included.
Patients were classified into a steroid and a no-steroid group. The primary outcome of the study was 28-day mortality. Propensity
score matching was used to adjust baseline characteristics and disease severity between the groups. Of the 287 patients analyzed,
189 were classified in the no-steroid group and 98 in the steroid group. Fifty propensity score-matched pairs were compared for
the study outcomes. We found no significant difference in 28-day mortality between patients treated with and without steroid after
propensity score matching (38.0% and 42.0%, respectively; p = 0.838). Incidences of pneumonia and gastrointestinal bleeding
were more frequent in the steroid group, but it was not statistically significant after matching. In conclusion, adjunctive hydro-
cortisone was not associated with reduced 28-day mortality in neutropenic patients with septic shock.
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Abbreviations resuscitation and vasopressor treatment, debates still re-

G-CSF  Granulocyte colony-stimulating factor main for its efficacy [1-4]. Two randomized controlled
ICU Intensive care unit trials revealed conflicting results for the efficacy of low-
PS Propensity score dose corticosteroid in patients with septic shock. In 2002,
SOFA  Sequential organ failure assessment Annane et al. demonstrated that low doses of hydrocorti-
sone and fludrocortisone reduced mortality in patients
with septic shock and relative adrenal insufficiency [5].
In contrast, hydrocortisone did not improve survival in
Introduction patients with septic shock regardless of response to corti-

Although adjunctive corticosteroid is widely used in pa-
tients with septic shock who are poor responders to fluid
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cotropin in the 2008 CORTICUS trial [6]. Despite con-
flicting results, current guidelines recommend the use of
hydrocortisone when hemodynamic stability is not
attained [7].

Recently, Venkatesh et al. conducted a large randomized
controlled trial (ADRENAL trial) in which patients requiring
mechanical ventilation were randomly categorized into either
a hydrocortisone or placebo group [8]. They reported no dif-
ference in 90-day mortality between the groups, although the
hydrocortisone group achieved comparatively faster shock re-
versal. Conversely, according to another recent study by
Annane et al. (APROCCHSS), patients treated with hydrocor-
tisone plus fludrocortisone had lower 90-day all-cause mortal-
ity [9]. The ongoing debate on the efficacy of corticosteroid in
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septic shock renders it difficult to make a decision regarding
steroid use in patients with a high risk of superinfection.

Managing septic shock is more complicated in neutropenic
patients as they are at an increased risk for bacterial infection
and subsequent septic shock [10], with a high mortality rate
[11]. Although hydrocortisone use is recommended for hemo-
dynamic instability according to the current guidelines, it is
burdensome in neutropenic patients; it may cause profound
immunosuppression in patients whose immune systems are
already suppressed, leading to poor control of the primary
infection or exposing vulnerable patients to secondary infec-
tions. To our knowledge, no previous study has evaluated the
role of hydrocortisone specifically for neutropenic patients
with septic shock. Thus, we aimed to evaluate whether ad-
junctive hydrocortisone reduces 28-day mortality in neutrope-
nic patients with septic shock.

Methods
Study design and patients

This was a retrospective study conducted at Asan Medical
Center, a 2700-bed tertiary care center in Seoul, South
Korea. In our hospital, a rapid response team is in charge of
a system that monitors the laboratory results and vital signs of
every adult patient in the general ward on a 24-h basis; this
system keeps records of patients who were screened for sepsis
(sepsis cohort). We retrospectively reviewed the electronic
medical records of the patients in this sepsis cohort between
January 2012 and May 2017. Inclusion criteria were (i) pa-
tients aged > 18 years who had a documented infection or
strong clinical suspicion of infection, (ii) patients treated for
septic shock with at least one vasopressor, and (iii) patients
whose absolute neutrophil count was < 1000/uL at the time of
vasopressor initiation. Patients were excluded if there was
recovery of neutropenia in <24 h without granulocyte
colony-stimulating factor (G-CSF) treatment, because we as-
sumed that patients with rapid recovery of neutropenia are
different in immunity or comorbidities, and inappropriate for
the assessment of the hydrocortisone effect in neutropenic
status. Patients who died within 24 h were also excluded be-
cause the time from hydrocortisone administration to death
was too short to assess the hydrocortisone effect. According
to a protocol in our hospital, hydrocortisone is considered
when high-dose norepinephrine and/or vasopressin is re-
quired; thus, patients who were considered to have received
hydrocortisone too late (i.e., hydrocortisone administration
after epinephrine infusion is started) were also excluded.

The study protocol was approved by the institutional re-
view board of Asan Medical Center (No. 2018-0206), and the
need for informed consent was waived due to the retrospective
nature of the study.
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Data collection and definitions

Baseline demographic and clinical characteristics obtained
from the electronic medical record included age, sex, body
mass index, underlying disease, cause of neutropenia, cause
of septic shock, laboratory data, severity of illness (sequential
organ failure assessment [SOFA] score) [12], presence of bac-
teremia or fungemia at the time of shock, requirement and
duration of mechanical ventilation, dose and duration of va-
sopressor use, duration and recovery of neutropenia, and use
of hydrocortisone.

Septic shock was defined as sepsis with persisting hypo-
tension requiring vasopressor treatment to maintain a mean
arterial pressure of >65 mmHg and having a serum lactate
level >2 mmol/L despite adequate volume resuscitation
[13]. The index date was defined as the date of septic shock
development. The time to shock resolution was defined as the
duration of vasopressor use from the index date until discon-
tinuation. If a vasopressor was re-administered within 12 h of
stopping drug administration, it was considered to be contin-
ued use. Recovery of neutropenia was defined as absolute
neutrophil count of > 1000/uL for >48 h.

Hemodynamic management of septic shock

Initially, fluid resuscitation with crystalloid solution was ad-
ministered to patients with septic shock in accordance with the
Surviving Sepsis guidelines [7, 14, 15]. If the shock did not
resolve, vasopressor treatment was initiated, of which norepi-
nephrine was the preferred initial choice. If a patient remained
hypotensive with norepinephrine, vasopressin followed by
epinephrine was considered. The decision whether to initiate
hydrocortisone was at the treating physician’s discretion and
was based on the patient’s condition. If used, hydrocortisone
was initiated when hemodynamic stability was not restored
even with high-dose norepinephrine or vasopressin adminis-
tration; however, the time to hydrocortisone initiation varied
with each case as it was determined by the treating physician.
Intravenous hydrocortisone was administered at 10 mg/h.

Study outcomes

Patients were classified as the steroid group and the no-steroid
group on the basis of their use of hydrocortisone for septic
shock. Patients who had been receiving corticosteroid for the
underlying disease before shock continued to receive steroid
during the septic shock management; therefore, they were
included in the steroid group. The primary outcome of the
study was 28-day mortality. The secondary outcomes included
duration of stay in the intensive care unit (ICU) and hospital,
time to resolution of shock, duration of mechanical ventila-
tion, and incidence rates of superinfection and gastrointestinal
bleeding. Superinfection was defined as a newly developed
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infection during a course of the treatment, determined based
on chest X-ray findings, microbiologic results, and/or changes
in antibiotics.

Statistical analysis

Continuous variables are presented as mean + standard deviation,
and categorical variables are presented as numbers and percent-
ages. Chi-square or Fisher’s exact test was used to compare
categorical variables, and Student’s 7 test or Mann—Whitney U
test was used for continuous variables, as appropriate.

In general, hydrocortisone was administered to patients in
whom high-dose norepinephrine and/or vasopressin was re-
quired to maintain adequate blood pressure; thus, patients who
received hydrocortisone had higher SOFA scores and addi-
tional vasopressor requirements, which suggests a discrepan-
cy in baseline disease severity between patients who received
and did not receive hydrocortisone. A propensity score (PS)
analysis was performed to account for the difference in base-
line characteristics and disease severity between groups. The
propensity score—matched pairs were created by matching the
patients who received and who did not receive hydrocortisone
using calipers of width equal to 0.1 of the standard deviation
of the logit of the propensity score. All statistics were per-
formed using R software version 3.5.1 (The R Foundation
for Statistical Computing, Vienna, Austria).

Results
Clinical characteristics of patients

Between January 2012 and May 2017, 1596 patients were
identified with the diagnosis of septic shock from the sepsis
cohort in our institution. Among these patients, 1214 were
non-neutropenic (absolute neutrophil count of >1000) and
46 did not receive any vasopressor treatment; these patients
were excluded from analysis. Ten patients who recovered
from neutropenia within 24 h without administration of G-
CSF, 22 patients who died within 24 h, and 17 who received
hydrocortisone too late were also excluded. Of a total of 287
patients remaining for analysis, 189 did not receive adjunctive
hydrocortisone (no-steroid group) and 98 received hydrocor-
tisone (steroid group) (Fig. 1).

Baseline characteristics of the study patients are presented
in Table 1. Prior to PS matching, mean ages were 53.5+16.0
and 57.2 +12.3 years in the no-steroid and steroid group, re-
spectively. Male patients were predominant in both groups.
The most common underlying disease was acute leukemia
(47.6% and 36.7% in the no-steroid and steroid group, respec-
tively). The most common cause of neutropenia was chemo-
therapy (79.4% and 75.5% in the no-steroid and steroid group,
respectively), with the second most common cause being

hematologic malignancy in both groups. The mean SOFA
score was significantly higher in the steroid than in the no-
steroid group (10.6+£2.9 and 9.0 +3.0, respectively;
p<0.001). Significantly more patients in the steroid group
were treated with vasopressin and epinephrine (Table 1)
(p<0.001). The number of patients who were admitted or
transferred to the ICU and who required mechanical ventila-
tion was significantly higher in the steroid group.

Because baseline clinical characteristics differed between
the no-steroid and steroid group, PS matching was applied to
adjust baseline discrepancies between the groups. Fifty pa-
tients in each group were matched, and there was no signifi-
cant difference in baseline characteristics between groups, ex-
cept for the number of patients who were admitted to ICU and
those who required mechanical ventilation. Requirements of
vasopressor and mean SOFA scores were similar after PS
matching between the groups as shown in Table 1.

Study outcomes

Study outcomes are presented in Table 2. Death within 28 days
occurred in 55 and 47 patients in the no-steroid and steroid
group, respectively. Although 28-day mortality was signifi-
cantly higher in the steroid versus no-steroid group (48.0%
and 29.1%, respectively; p <0.001) prior to PS matching,
there was no significant difference after PS matching (42.0%
and 38.0%; p =0.838). Durations of ICU and hospital stay
were not significantly different between the groups before
and after PS matching. Time to shock resolution and length
of mechanical ventilation were also similar between the no-
steroid and steroid group after matching.

Adverse events

We investigated the incidence rates of superinfection, includ-
ing pneumonia, bacteremia/fungemia, and gastrointestinal
bleeding within 28 days from the index date (Table 3).
Patients in the steroid group experienced significantly more
pneumonia (p <0.001), which was numerically higher after
PS matching (10.0% vs. 18.0%, p=0.289). Occurrence of
bacteremia or fungemia was similar between groups. When
propensity score was matched, gastrointestinal bleeding was
found in four patients treated with steroid whereas none oc-
curred in the no-steroid group.

Subgroup analysis for patients with absolute
neutrophil count < 500 cells/pL

Patients with absolute neutrophil count < 500 cells/uL were se-
lected for a subgroup analysis, representing a more profound
immunosuppression state. A total of 118 patients were found;
among them, 76 patients received hydrocortisone and 42 patients
did not. To adjust baseline differences, 27 patients in each group
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Fig. 1 Study flow

Patients diagnosed with septic shock

(n=1,596)

No neutropenia (n = 1,214)
No vasopressor treatment (n = 46)

Patients diagnosed with neutropenic septic shock

(n = 336)

ANC recovery <24 hours without G-CSF (n = 10)
Death <24 hours (n = 22)
Late administration of corticosteroid (n = 17)

Study patients
(n=287)

No steroid group
(n=189)

Steroid group
(n=98)

were matched as shown in Table S1 in Supplementary Data.
There were no significant differences in 28-day mortality, dura-
tions of ICU and hospital stay, time to shock resolution, and
length of mechanical ventilation between the two groups
(Table S2). Adverse events were not significantly different be-
tween the groups as shown in Table S3.

Discussion

To the best of our knowledge, this is the first study to evaluate
the role of adjunctive hydrocortisone specifically in neutrope-
nic patients with septic shock. According to our results, hy-
drocortisone was not associated with improved 28-day mor-
tality after PS matching. Moreover, time to shock resolution
was not significantly different. Incidence rates of adverse
events including superimposed pneumonia and gastrointesti-
nal bleeding were more frequent in patients who received
hydrocortisone treatment, although statistical significance
was not detected after PS matching. The results were similar
with patients whose absolute neutrophil count < 500 cells/pL.

The most important management strategy for septic shock
is to control the primary infection; therefore, intact immunity
of the affected patients is critical. Because neutrophils are
known to play an important role as first responder cells to
bacterial or fungal pathogens [16], neutropenic patients have
a deficiency in innate immune responses to invading microor-
ganisms [17]. Moreover, neutropenic patients not only are
susceptible to opportunistic infections but also are often com-
plicated by secondary infection during their clinical course.
As in our analysis, the role of hydrocortisone for septic shock
should be assessed separately in neutropenic patients

@ Springer

considering the differences between neutropenic and non-
neutropenic patients.

Controversy remains with the role of corticosteroid in the
management of septic shock. Annane et al. have shown a
mortality benefit with the combination of hydrocortisone
and fludrocortisone in their clinical trials [5, 9, 18]; however,
it is uncertain if the positive result was driven by the addition
of fludrocortisone or other factors. One pharmacokinetic study
demonstrated that a single dose of fludrocortisone showed
undetectable plasma concentration in approximately one-
third of patients with septic shock and the half-life was very
short [19]. Therefore, the specific role of fludrocortisone is
still uncertain and remains as a subject for future studies. In
addition, the septic shock management protocol used in our
study did not include fludrocortisone and none of the study
patients received fludrocortisone. Thus, whether the benefit of
hydrocortisone and fludrocortisone in combination can be
reproduced in neutropenic patients is unknown. Further stud-
ies are warranted to address this issue.

Interestingly, in contrast to previous studies [6, 8, 20, 21], time
to the shock resolution was not shortened in the steroid group.
There are a few plausible explanations for this difference. First,
we evaluated only neutropenic patients. Over half of the patients
had hematologic malignancies, suggesting that the altered im-
mune systems of these patients may have negatively impacted
the results. In fact, the presence of superinfection was more fre-
quent in patients treated with hydrocortisone in our study. In a
previous study in which non-neutropenic patients were included,
it was reported that superinfection, such as new sepsis or septic
shock, occurred more frequently in the steroid group [6], yet
resulting episodes of superinfection may have had a greater im-
pact on patients with compromised immune systems. Second,
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Table 1 Clinical characteristics of patients before and after propensity score matching
Original Propensity-score matched
No-steroid (n=189)  Steroid (n=98) pvalue  No-steroid (n=50) Steroid (n=50) p value

Age, years, mean £+ SD 53.5+16.0 572+12.3 0.031 54.5+14.9 56.5+13.5 0.388
Female sex 68 (36.0) 30 (30.6) 0.437 13 (26.0) 12 (24.0) >0.999
Body mass index, kg/mz, mean £+ SD 22.5+3.5 225+3.5 0.938 222+3.1 22.5+34 0.664
SOFA score 9.0£3.0 10.6£2.9 <0.001 10.0+3.0 10.1£2.9 0.865
ICU admission 89 (47.1) 95 (96.9) <0.001  35(70.0) 48 (96.0) 0.002
Underlying disease 0.079 0412

Acute myeloid/lymphoblastic leukemia 90 (47.6) 36 (36.7) 24 (48.0) 18 (36.0)

Lymphoma 45 (23.8) 19 (19.4) 11 (22.0) 10 (20.0)

Solid malignancy 35 (18.5) 24 (24.5) 10 (20.0) 11 (22.0)

Other hematologic disorders® 16 (8.5) 14 (14.3) 3(6.0) 9 (18.0)

No hematologic/oncologic disorders 3(1.6) 5(5.1) 2(4.0) 2 (4.0)
Cause of neutropenia 0.791 0.750

Chemotherapy 150 (79.4) 74 (75.5) 37 (74.0) 36 (72.0)

Hematologic malignancy 30(15.9) 17 (17.4) 9 (18.0) 11 (22.0)

Sepsis-induced 7@3.7) 6(6.1) 3(6.0) 3(6.0)

Drug-induced 2 (1.1) 1(1.0) 1(2.0) 0 (0.0)
Cause of septic shock <0.001 0.596

Pneumonia 42 (22.2) 48 (49.0) 19 (38.0) 22 (44.0)

Unknown 59 (31.2) 15 (15.3) 8 (16.0) 10 (20.0)

Bacteremia or fungemia 56 (29.6) 21 (21.4) 15 (30.0) 10 (20.0)

GI origin 24 (12.7) 11 (11.2) 7 (14.0) 5(10.0)

Others 8(4.2) 33.1) 1(2.0) 3 (6.0)
Vasopressor requirement

Vasopressin 62 (32.8) 90 (91.8) <0.001 42 (84.0) 42 (84.0) >0.999

Epinephrine 2(1.1) 40 (40.8) <0.001 2@4.0) 2(4.0) >0.999
Mechanical ventilation 45(23.8) 80 (81.6) <0.001 21 (42.0) 34 (68.0) 0.016
Bacteremia 95 (50.3) 54 (55.1) 0.514 29 (58.0) 20 (40.0) 0.124
Duration of neutropenia, days, mean + SD  12.4+15.7 84+124 0.019 11.7+17.0 8.7+14.3 0.292
Recovery of neutropenia 129 (68.3) 58 (59.2) 0.162 28 (56.0) 33 (66.0) 0.404

Data are presented as numbers (%) and mean + standard deviation

# Other hematologic disorders include aplastic anemia, hemophagocytic lymphohistiocytosis, multiple myeloma, myelodysplastic syndrome, progressive

myelofibrosis, and leukemia other than acute myeloid leukemia and acute lymphoblastic leukemia

SOFA, sequential organ failure assessment; /CU, intensive care unit; G/, gastrointestinal

Table 2 Study outcomes

Original Propensity score matched

No-steroid Steroid p value No-steroid Steroid p value

(n=189) (n=98) (n=50) (n=50)
28-day mortality 55(29.1) 47 (48.0) 0.002 19 (38.0) 21 (42.0) 0.838
Length of ICU stay, days 8.8+13.7 12.6+14.2 0.066 10.9+17.5 10.0+12.1 0.639
Length of hospital stay, days 25.6+26.2 29.0+31.6 0.358 25.8+28.4 25.8+26.6 0.976
Time to the shock resolution, days 3.0+32 49+47 0.001 34+3.1 46+5.0 0.110
Length of mechanical ventilation, days 13.0+16.2 13.8+15.0 0.760 144+194 13.7+15.8 0.665

Data are presented as numbers (%) and mean + standard deviation

ICU, intensive care unit
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Table 3 Adverse events

Original Propensity score matched
No-steroid Steroid pvalue  No-steroid Steroid p value
(n=189) (n=98) (n=50) (n=50)
Superinfection
Pneumonia 10 (5.3) 19 (19.4) <0.001  5(10.0) 9 (18.0) 0.289
Bacteremia or 28 (14.8) 19 (19.4) 0.410 11 (22.0) 11 (22.0) >0.999
fungemia
Others" 3(1.6) 4 (4.1) 0.371 1(2.0) 2 (4.0 >0.999
GI bleeding 5Q@2.7) 7(7.1) 0.135 0(0.0) 4 (8.0 0.126

Data are presented as numbers (%)

 Others included infections of gastrointestinal origin including enterocolitis, chronic disseminated candidiasis,

and invasive mucormycosis

GI, gastrointestinal

the positive effects of corticosteroid may not apply to neutropenic
patients. Corticosteroids modulate a response to sepsis by
inhibiting overwhelming cytokine synthesis and inflammatory
reactions [22]. A stress dose of hydrocortisone has been shown
to provide protection against excessive production of tissue-toxic
materials and preserve phagocytic functions of neutrophils [23].
However, in the absence of neutrophils, corticosteroids may not
have displayed as many protective effects in the study patients.
Third, the effect of corticosteroid may be minimal in patients
receiving high-dose norepinephrine.

The risk of superinfection accompanied by adjunctive cor-
ticosteroid use has been reported by few studies [5, 6]. In our
study, the steroid group had a significantly higher incidence
rate of superimposed pneumonia. Because this study was not a
randomized controlled trial, we were not able to assure wheth-
er the superimposed pneumonia is attributed to the use of
hydrocortisone; therefore, propensity score—-matched patients
were compared for adverse events. Although not statistically
significant, incidence of pneumonia was numerically higher
and gastrointestinal bleeding was found only in patients in the
steroid group. Even though it is difficult to draw a firm con-
clusion due to a small number of patients, the findings of our
study indicate important aspects that should not be overlooked
particularly in patients with compromised immune systems.
Secondary pneumonia may lead to a delay in ventilator
weaning that can contribute to a higher mortality and morbid-
ity. Moreover, concomitant thrombocytopenia or coagulopa-
thy that can occur in patients with bone marrow dysfunction or
those who received myeloablating chemotherapy may lead to
a significantly increased risk of bleeding. Therefore, physi-
cians should pay attention to the possible risk of developing
secondary infection or bleeding when using corticosteroid in
neutropenic patients. Since the present study did not find sta-
tistically significant difference, however, further randomized
controlled trials regarding this issue are required.

Limitations should be considered to correctly interpret the
results of the present study. First, this was a retrospective study
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conducted at a single center and the results may not be gener-
alized to other patients in different settings. Second, this study
was not a randomized controlled trial; thus, there were base-
line discrepancies in patient characteristics and disease sever-
ity between groups. Hydrocortisone was administered when
high-dose norepinephrine or vasopressin was required to
maintain an adequate hemodynamic status. Patients with more
serious illness might have been included in the analysis al-
though we performed propensity score matching to minimize
these baseline differences. Third, do-not-resuscitate orders
might have affected the treatment outcomes such as 28-day
mortality. However, all patients received the same initial re-
suscitation management for septic shock and most do-not-
resuscitate decisions were taken among patients who did not
improve despite treatment. Fourth, hyperglycemia and neuro-
muscular weakness are reported as important adverse events
of corticosteroid treatment [24], but their incidence was not
investigated in our study. Finally, we did not address the ade-
quacy of antibiotics administration and source control in the
study patients.

In conclusion, 28-day mortality was not statistically differ-
ent between patients treated with and without hydrocortisone.
In addition, lengths of ICU and hospital stay, time to the shock
resolution, and length of mechanical ventilator treatment did
not differ. Since hydrocortisone was used when high-dose
norepinephrine or vasopressin is required in our study, further
prospective studies for early administration of hydrocortisone
may be needed to demonstrate the effect of adjunctive steroid
in neutropenic patients with septic shock.
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