
SELECTED SUMMARIES 353

7 Pladevall M, Williams LK, Potts LA, Divine G, Xi H, Lafata JE, et al. Clinical
outcomes and adherence to medications measured by claims data in patients with
diabetes. Diabetes Care 2004;27:2800–5.

8 Zweben A, Pettinati HM, Weiss RD, Youngblood M, Cox CE, Mattson ME, et al.
Relationship between medication adherence and treatment outcomes: The COMBINE
study. Alcohol Clin Exp Res 2008;32:1661–9.

9 Osterberg L, Blaschke T. Adherence to medication. N Engl J Med 2005;353:
487–97.

10 Stump CS. Physical activity in the prevention of chronic kidney disease. Cardiorenal
Med 2011;1:164–73.

11 Varma PP. Prevalence of chronic kidney disease in India: Where are we heading?
Indian J Nephrol 2015;25:133–5.

12 International Diabetes Federation. IDF diabetes atlas. 7th ed. Brussels:International
Diabetes Federation; 2015.

13 Gupta R, Gupta VP, Prakash H, Agrawal A, Sharma KK, Deedwania PC. 25-year
trends in hypertension prevalence, awareness, treatment, and control in an Indian
urban population: Jaipur Heart Watch. Indian Heart J 2018;70:802–7.

14 Rajapurkar MM, John GT, Kirpalani AL, Abraham G, Agarwal SK, Almeida AF, et
al. What do we know about chronic kidney disease in India: First report of the Indian
CKD registry. BMC Nephrol 2012;13:10.

15 Sankar UV, Lipska K, Mini GK, Sarma PS, Thankappan KR. The adherence to
medications in diabetic patients in rural Kerala, India. Asia Pac J Public Health
2015;27:NP513–23.

16 Basu S, Khobragade M, Kumar A, Raut DK. Medical adherence and its predictors
in diabetes mellitus patients attending government hospitals in the Indian capital,
Delhi, 2013: A cross sectional study. Int J Diabetes Dev Ctries 2015;35 (2
Suppl):95–101.

17 Arulmozhi S, Mahalakshmy T. Self care and medication adherence among type 2
diabetics in Puducherry, Southern India: A hospital based study. J Clin Diagn Res
2014;8:UC01–3.

18 Sabatâe E. Adherence to long-term therapies: Evidence for action. 1st ed.
Geneva:World Health Organization; 2003.

19 Selvaraj S, Farooqui HH, Karan A. Quantifying the financial burden of households’
out-of-pocket payments on medicines in India: A repeated cross-sectional analysis
of National Sample Survey data, 1994–2014. BMJ Open 2018;8:e018020.

20 Brilleman SL, Purdy S, Salisbury C, Windmeijer F, Gravelle H, Hollinghurst S, et al.
Implications of comorbidity for primary care costs in the UK: A retrospective
observational study. Br J Gen Pract 2013;63:e274–82.

SAURAV BASU
saurav.basu1983@gmail.com

SUNEELA GARG
Department of Community Medicine

Maulana Azad Medical College
New Delhi

Steroids in septic shock: Magic bullet or hype?
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SUMMARY
The role of hydrocortisone administration in patients with septic
shock is unclear. The first trial, among the two summarized here,
which tried to answer this question was conducted in intensive care
units (ICUs) in Australia, New Zealand, Denmark and the UK. It
enrolled 3800 patients with septic shock who were on mechanical
ventilation. The investigators randomly assigned these patients to
receive a continuous infusion either of hydrocortisone (in a dose of
200 mg/day) or of a matched placebo. Hydrocortisone was given for
a maximum of 7 days (with no tapering off of dose) or until death or
discharge, whichever was earlier. The primary outcome, i.e. mortality
at 90 days, data on which were available for 3658 patients, was
equally frequent in the hydrocortisone (511/1832 [27.9%]) and
placebo (526/1826 [28.8%]) groups (odds ratio [OR] 0.95; 95%
confidence interval [CI] 0.82–1.10; p=0.5). Among the secondary
outcomes, time to reversal of shock (median [interquartile range]=3
[2–5] days v. 4 [2–9] days) and to initial weaning off mechanical
ventilation (6 [3–18] v. 7 [3–24] days) was shorter in the hydrocortisone
group; this group also needed blood transfusions less often (37% v.
41.7%; OR 0.92; 95% CI 0.72–0.94; p=0.004). However, there was
no difference in 28-day mortality, rate of recurrence of shock, the
number of days the patients were alive and out of ICU, the number of
days patients were alive and out of hospital, rate of need for renal
replacement therapy, or rates of new onset bacteraemia or fungaemia
in ICU. The effect of hydrocortisone was similar in subgroups based
on six pre-specified factors––dose of catecholamine infusion; primary
site of sepsis; sex; APACHE II score and duration of shock. These
data indicate that a continuous infusion of hydrocortisone does not
reduce 90-day mortality in patients with septic shock receiving
mechanical ventilation.

The second study is a multicentre double-blind trial that included
1241 patients with septic shock (of <24-hour duration) and evaluated
the effect of hydrocortisone plus fludrocortisone, activated protein C,
the combination of 3 drugs or their respective placebos. Due to
withdrawal of activated protein C from the market in 2011, the trial
continued with a parallel 2-group design, with 1 group receiving
hydrocortisone plus fludrocortisone versus the other group receiving
placebos. Hydrocortisone was given as an intravenous bolus of 50 mg
6 hourly, while fludrocortisone was given enterally (through a
nasogastric tube) as a 50 µg tablet once daily. The primary outcome,
i.e. 90-day mortality, occurred in 49.1% of subjects in the placebo
group versus 43% in the hydrocortisone and fludrocortisone groups,
which was statistically significant (p=0.03). The relative risk of death
in hydrocortisone plus fludrocortisone group was 0.88 (95%
CI 0.78–0.89). There was significant decrease in mortality in the
intervention group at ICU discharge (35.4% v. 41.0%; p=0.04),
hospital discharge (39% v. 45.3%; p=0.02) and day 180 (46.6% v.
52.5%; p=0.04). The number of days the patients were off vasopressors
(17 v. 15 days; p<0.001) and were free of organ failure (14 v. 12 days;
p=0.003) till day 28 was significantly higher in the intervention group
than the placebo group. The number of ventilator-free days, as well
as the rates of serious adverse events, was similar in both the groups.

COMMENT
Septic shock is defined as a condition with a documented or
suspected infection, leading to tissue hypoperfusion in the form of
hypotension not responding to fluid administration and requiring
vasopressors. Treatment of septic shock includes use of broad-
spectrum antibiotics, fluids and vasopressors along with control
of the source of infection. The use of corticosteroids in septic
shock remains controversial. Until the publication of the above 2
studies, there existed a recommendation, albeit weak, for their use
in patients with shock who did not respond to vasopressors.1 In the
wake of this controversy, these 2 trials were undertaken.

Let us first review the effects of corticosteroids in sepsis and
specifically, septic shock. These agents have an anti-inflammatory
activity, with inhibition of cytokine production and migration of
inflammatory cells into the tissues. Besides the anti-inflammatory
effect, these drugs increase the vasoactive tone and hence augment
the effect of vasopressors. Corticosteroids also improve blood
volume through their mineralocorticoid activity and increase
systemic vascular resistance, a response mediated through the
endothelial glucocorticoid receptors. In septic shock, long-term
use of vasopressors can lead to downregulation of adrenergic
receptors; the use of steroids prevents this downregulation and
hence desensitization; thus helping to maintain blood pressure.

The first trial on the use of corticosteroids in critical care was
done by Annane et al., a French group, in 2002. They found that
the use of corticosteroids in patients with septic shock who did not
respond to adrenocorticotropic hormone (ACTH) stimulation test
(rise in serum cortisol <9 µg/dl), led to a mortality benefit.2 They
used hydrocortisone along with fludrocortisone, for 7 days, without
any weaning from hydrocortisone. However, in a subsequent trial
published in 2008 (the Corticus trial), this group found that the
administration of corticosteroids did not provide any mortality
benefit in either responders or non-responders to ACTH.3 There
were some differences between these 2 trials, i.e. in the Corticus
trial, fludrocortisone was not used, weaning doses of hydro-
cortisone were used and the entry window for patients was much
longer, i.e. up to 72 hours after the onset of hypotension (compared
to 8 hours in the trial by Annane et al.). In 2016, the HYPRESS
trial (Hydrocortisone for prevention of septic shock in patients
with hospital-acquired sepsis) was published.4 In this trial, patients
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were given corticosteroids pre-emptively to see whether its use
prevented development of septic shock in the next 14 days, but
with no demonstrable benefit. However, this trial was
underpowered to address the effect of hydrocortisone on mortality
and did not include patients with septic shock.4 Meta-analyses and
systematic reviews have also not consistently shown any beneficial
effects of corticosteroids in septic shock. In view of this conflicting
evidence, the Surviving Sepsis Campaign 2016 Guidelines
recommended: ‘We suggest against using IV hydrocortisone to
treat septic shock patients if adequate fluid resuscitation and
vasopressor are able to restore hemodynamic stability. If this is
not achievable, we suggest the use of hydrocortisone at a dose of
200 mg/day (weak recommendation, low quality of evidence).’1

The 2 current trials were similar with a unique feature that the
previous studies did not have, i.e. these included patients with
septic shock on mechanical ventilation and who are the sickest
even among patients with septic shock. The 2 previous French
trials, i.e. Corticus3 and by Annane et al.,2 included patients with
severe sepsis (not necessarily septic shock) and did not have
mechanical ventilation as an inclusion criterion.2,3

Notably, the 2 current studies had conclusions that were at
variance with each other. This makes it important to look at the
differences in these 2 trials, and there were a few. First, the
mortality rate was 28% in the ADRENAL trial and 43% in the
APROCCHSS trial. One of the reasons could be inclusion of
fewer medical patients in the ADRENAL trial (31% surgical
patients) than in the APROCCHSS trial (18% surgical patients).
In surgical patients, source control of infection, which plays an
important role in treatment of sepsis, is more often feasible. This
difference in case mix could thus explain the lower mortality in
the ADRENAL trial. Although it is clear that both trials included
seriously ill patients (with similar predicted mortality rates of
40%–50%), but one cannot easily compare the seriousness of
disease between the 2 studies, since the ADRENAL trial used
APACHE II score and the APROCCHSS trial used SOFA score.
Third, renal replacement therapy was needed twice as often in the
APROCCHSS trial than in the ADRENAL trial (27.6% v. 12.7%).
Fourth, patients in the ADRENAL trial had abdominal infections
more often whereas those in the APPROCHSS trial had other
types of infections (blood stream infections, urinary tract infections,
respiratory tract infections) at admission; the latter have higher
mortality.

The results of these 2 trials suggest that corticosteroids have a
role in weaning patients with septic shock who are on mechanical
ventilation off vasopressors and mechanical ventilation and,
perhaps, also provide a mortality benefit, as was seen in the

APROCCHSS trial. All the previous studies of corticosteroids in
septic shock have consistently shown that haemodynamics
improved with hydrocortisone. Importantly, both the trials showed
that there was no increase in infectious complications in the
patients who received corticosteroids.

The difference between the results of the 2 studies could be
related to the differing severities of illness in patients in the 2
studies. In septic shock, fluid resuscitation, early antibiotics and
initial source control are the most important pillars of management,
and it may be naive to think that corticosteroids would act as a
magical bullet and cure the condition in everyone. Perhaps, where
fluid resuscitation, early antibiotics and control of the source of
infection are possible, the addition of corticosteroids does not
show an additional benefit. It is in the sickest patients with
mortality over 40% that corticosteroids show benefit as in the
APROCCHHS trial.2

Overall, we believe that corticosteroids form an important part
of the intensivists’ armamentarium against septic shock, where its
use is important in specific situations, such as patients already on
long-term corticosteroids and septic shock not responding to
administration of fluids and vasopressors. Their use in such
selected situations should be beneficial provided emphasis is
placed on simultaneous appropriate antibiotics and source control.
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