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ABSTRACT
Introduction. Although the administration of hydrocortisone in septic shock generates adverse eff ects, the risk of 

corticosteroid-induced hypernatremiamay be reduced by continuous administration of the drug.
Materials and methods. 171 patients with septic shock were randomized into three study groups: group A (n = 

58) – 200 mg/day of hydrocortisone hemisuccinate in four doses; group B (n = 59) – same dose of hydrocortisone 
hemisuccinate in continuous administration; group C (n = 54) – no hydrocortisone hemisuccinate. Mean serum 
sodium values, the number of hypernatremia episodes and variations in serum sodium (Navar) were investigated for 
seven days.

Results. Mean values were normal in group C (140.35 ± 7.390 mEq/L to 144.79 ± 8.338 mEq/L). High mean 
values appeared on day 4 in group A (147.21 ± 8.470 mEq/L to 149.37 ± 8.973 mEq/L on day 7) and on day 5 in 
group B (146.36 ± 8.272 mEq/L to 147.70 ± 8.865 mEq/L). Navar was 8.59 ± 5.960 mEq/L (-8 and 21 mEq/L) in 
group A, 6.63 ± 7.609 mEq/L (-17 and 23 mEq/L) in group B and 4.54 ± 7.455 mEq/L (-12 and 22 mEq/L) in group 
C. This variation is statistically signifi cant when groups A and B are compared to group C (p = 0.012) and when 
only group A is compared to group C (p = 0.0019). The risk of hypernatremia aft er HHS was almost three times 
higher than that of patients who did not receive this drug (RR 2.82, 1.35<OR<5.90, p = 0.0041) and slightly higher 
when HHS was deliveredas a bolus (RR 3.08, 1.32<OR<7.25, p = 0.0071).

Conclusions. Continuous administration of HHS in septic shock is associated with a lower risk of hypernatremia 
than bolus administration.
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INTRODUCTION

Sepsis is a systemic conditi on determined by 
the exaggerated response of a host to infecti on, 
leading to multi ple organ failure and death. The 
fi rst defi niti on criteria of sepsis were established 
in 1992 (1), labeling it a systemic infl ammatory 
response induced by a confi rmed or suspected 
infecti on and characterized by at least two of 

the following four criteria: fever (over 38°C) or 
hypothermia (under 36°C); tachycardia (heart 
rate over 90 beats/minute); tachypnea (respira-
tory rate over 20 breaths/minute) and leuko-
cytosis (> 12,000 elements/mm3) or leukopenia 
(< 4,000 elements/mm3) or >10% immature 
leukocytes (bands). Severe sepsis is defi ned as 
sepsis accompanied by end-organ dysfuncti on 
andperipheral hypoperfusion. Septi c shock is 
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represented by sepsis accompanied by persistent 
arterial hypotension which does not respond to 
adequate administrati on of intravenous fl uids.

Sepsis is considered to be the main cause of 
morbidity and mortality in the intensive care 
unit (ICU) (2). The incidence of sepsis and severe 
sepsis in the ICU varies between 20 and 80% in 
observati onal studies (3-7). Septi c shock aff ects 
between 10 and 30% of the pati ents admitt ed 
to the ICU (3,5,8) and its incidence is currently 
on the rise (4). 

The effi  cacy of corti sol administrati on in 
septi c shock generates many controversial is-
sues, among them being the diffi  culty in esta-
blishing a correct diagnosis of relati ve adrenal 
insuffi  ciency in septi c pati ents, the lack of infl u-
ence of corti costeroid administrati on on mor-
tality rates and the high risk of adverse eff ects 
associated with the use of these drugs. These 
aforementi oned complicati ons of corti costeroid 
use include immunosuppression, decrease-
dleukocyte count, superinfecti on, hyperglycemia 
andfracti ous blood glucose levels, hypernatremia, 
hypokalemic metabolic acidosis, apoptosis at 
the level of the intesti nal epithelium with an 
increased risk of gastro-intesti nal complicati ons, 
abnormal wound healing, acute psychosis and 
neuromyopathy leading to diffi  culti es in weaning 
the pati ent off  the venti lator (9). The extent of 
these complicati ons varies according to the 
dosage, as well as the type and durati on of 
corti costeroid administrati on. Septi c pati ents 
with relati ve adrenal insuffi  ciency are at in-
creased risk of hyponatremia; this is indeed one 
of the criteria according to which this conditi on 
is diagnosed. Hypernatremia is oft en infl uenced 
by iatrogenic factors, such as the excessive use 
of isotonic soluti ons (normal saline), the ad-
ministrati on of high quanti ti es of sodium bicar-
bonate soluti ons to treat metabolic acidosis and 
extensive uncorrected fl uid and electrolyte loss.

The objecti ve of this study was to evaluate 
the safety of administering hydrocorti sone in 
septi c pati ents by investi gati ng their serum 
sodium profi le. To our knowledge, there are 
only a few studies which compare the infl uence 
of the mode of corti costeroid administrati on on 
hemodynamic parameters and treatment to-
lerance. We therefore based this study on the 
hypothesis that the conti nuous administrati on 
of corti costeroids may lower the risk of hyper-
natremia in pati ents with sepsis.

MATERIALS AND METHODS
This is a prospecti ve, randomized, unicentric 

study which took place at a multi disciplinary 

intensive care unit (ICU) with 35 beds which 
host pati ents with medical and surgicalillnesses, 
as well as pati ents with multi ple trauma. 181 of 
pati ents admitt ed to the ICU during a period of 
5 years and 8 months met all the inclusion and 
exclusion criteria of this study and signed an 
informed consent form. 10 pati ents were then 
excluded due to incomplete data or withdrawal 
of their consent during the study. The remaining 
171 pati ents were randomized into three study 
groups according to the type of treatment they 
received: group A (n = 58) treated with 200 mg/
day of hydrocorti sone hemisuccinate (HHS) 
divided into four doses, group B (n = 59) who 
received an equal dose of HHS via conti nuous 
administrati on and group C (n = 54) was not 
treated with HHS. This treatment was admi-
nistered for the durati on of seven consecuti ve 
days. Serum sodium values were investi gated by 
comparing mean individual values, the number 
of hypernatremia episodes and the variati ons in 
serum sodium in a given pati ent (Navar).

The following inclusion criteria were adop-
ted:

1. Pati ents over 18 years of age whose legal 
representati ve(s) signed an informed consent 
form.

2. The presence of septi c shock, defi ned ac-
cording to the following criteria (1,10):

a. proof of infecti on ora high index of sus-
picion;

b. three or more of the following criteria: 
mechanical venti lati on, heart rate over 90 beats/
minute, the presence of fever or hypothermia 
(body temperature > 38°C or < 36°C), the 
presence of leukocytosis (> 12.000 leukocytes/
mm3) or leukopenia (< 4,000 leukocytes/mm3);

c. sepsis-induced persistent arterial hypo-
ten sion (diagnosed aft er the exclusion of all 
other potenti al causes of hypotension in pati ents 
with a systolic blood pressure < 90 mmHg or a 
decrease in systolic blood pressure by ≥ 40 
mmHg or a mean arterial blood pressure ≤ 65 
mmHg).

3. The necessity of noradrenaline adminis-
tra ti on to maintain a mean arterial blood 
pressure > 70 mmHg (despite adequate fl uid 
resuscitati on).

The following exclusion criteria were 
adopted: pati ents with preexistent adrenal pa-
thology, pati ents who had received corti co-
steroids or immunosuppressants in the year 
before, HIV infecti on, acute myocardial infarc-
ti on, pulmonary embolism, terminal cancer, 
chronic renal insuffi  ciency necessitati ng hemo-
dialysis, Child-Pugh Class C hepati c cirrhosis, 
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pati ents who were not expected to survive more 
than 24 hours, pati ents under 18 years of age.

The present study was approved by the hos-
pital’s Ethics Committ ee and informed consent 
was obtained from the pati ents’ legal repre sen-
tati ves aft er the diagnosis of septi c shock was 
established, but before randomizati on. Pati ents 
were assigned to one of the three study groups 
by a computer, using the rati o 1:1:1 and a list of 
randomized numbers compiled by a person who 
was not involved in the study. Pati ents were 
recruited into the study in the fi rst 24 hours 
aft er the onset of septi c shock.

The following parameters were recorded:
1. Demographic data: age, sex, body weight, 

diagnosis at admission (according to which the 
pati ents were divided into a medical, surgical or 
trauma ICU group)

2. The origin of sepsis
3. Hemodynamic parameters:
• standard, non-invasive monitoring: heart 

rate, EKG tracing (leads DII or V2), systolic and 
diastolic arterial blood pressure (SBP, DBP), hourly 
urine output;

• invasive monitoring: mean arterial blood 
pressure (MBP), central venous pressure (CVP), 
cardiac index (CI), stroke volume (SV), stroke vo-
lume index (SVI), stroke volume variati on (SVV), 
systemic vascular resistence index (SVRI), central 
venous oxygen saturati on (ScvO2).

4. General parameters: peripheral body tem-
perature (°C)

5. Respiratory parameters: respiratory fre-
quency, oxygen saturati on of peripheral arterial 
blood (SpO2), type of mechanical venti lati on and 
its associated parameters, fracti on of inspired 
oxygen (FiO2)

6. Parameters derived from the analysis of 
arterial blood gasses: parti al pressure of oxygen 
in peripheral arterial blood (paO2), parti al pres-
sure of carbon dioxide in peripheral arterial 
blood (paCO2), blood pH, serum bicarbonate, 
base excess (BE), diff erence between the al-
veolo-arterial oxygen gradient (p(A-a)O2), serum 
lactate; we also calculated the paO2/FiO2 rati o.

7. Biochemical parameters: complete blood 
count, glycemia, electrolytes (sodium, potassi-
um, chloride), common coagulati on tests (apTT, 
INR, fi brinogen), transaminases, total bi liru bin 
and its fracti ons, serum albumin, urea and crea-
ti nine.

8. The daily administered dose of nora-
drenaline.

According to their diagnosis upon admission 
to the ICU, the pati ents were divided into three 
categories: trauma (T), surgical cases (S) and 

medical cases (M). Haemodynamic moni tori-
zati on of the pati ents was done by both invasive 
and non-invasive methods in all pati ents. In-
vasive monitoring was done using the VigileoTM 
monitor (Edwards Lifesciences Corporati on, 
Irvine, USA) and the FloTracTM dedicated pressure 
sensor. This sensor was connected to a common 
arterial catheter which was inserted at the level 
of the radial artery. Single- or multi lumen central 
venous catheters (Vygon Corporati on, Ecouen, 
France) were used to monitor central venous 
pressure and were inserted into the superior 
vena cava via the internal jugular vein or the 
sub clavian vein. Non-invasive and invasive para-
meters were recorded every hour, but only the 
„worst“ values recorded every 24 hours were 
taken into account when introducing this infor-
mati on into a database or when calculati ng the 
gravity scores. The drug used in this study was 
hydrocorti sone hemisuccinate commercialized 
in 100 mg-fl asks (E.I.P.I.C.O. MED SRL – Romania: 
100 mg powder and 2 mL benzyl-alcohol 0.9% 
as a reconsti tuti on soluti on).

RESULTS
The mean age of the pati ents included in this 

study was 60.41 ± 19.36 years in group A, 59.02 
± 20.28 years in group B and 61.00 ± 18.54 years 
in group C. The following gender distri buti on 
was present: group A women/men – 16/42; 
group B women/men – 21/38; group C women/
men – 22/32. Figure 1 shows the distri buti on of 
thepati ents in these three groups according to 
their ICU admission category (T, S and M). There 
were no stati sti cally signifi cant diff erences in 
mean age, gender distributi on, ICU admission 
category and gravity scores bet ween the three 
groups, as demonstrated by Table 1.

Table II presents the variati ons in mean se-
rum sodium values registered in the seven days 
during which the pati ents were observed. The 
results show an increase in serum sodium val-
ues in all three study groups, because Navar > 0. 
Navar is defi ned as the diff erence between the 
values of serum sodium on the last day and fi rst 
day of monitorizati on (measured in mEq/L). The 
recorded Navarvalues were 8.59 ± 5.960 mEq/L 
(with variati ons between -8 and 21 mEq/L) in 
group A, 6.63±7.609 mEq/L (with variati ons be-
tween -17 and 23 mEq/L) in group B and 4.54 ± 
7.455 mEq/L (with variati ons between -12 and 
22 mEq/L) in group C. These diff erences in Navar 

values were stati sti cally signifi cant when groups 
A and B were compared to group C (i.e. hydro-
corti sone administrati on vs. control; p = 0.012) 
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and when groups A and C were compared (i.e. 
bolus administrati on of hydrocorti zone vs. con-
trol; p = 0.019).

Normal values of serum sodium were pre-
sent throughout the durati on of the study in 
group C, varying between 140.35 ± 7.390 mEq/L 
and 144.79 ± 8.338 mEq/L. Contrasti ngly, this 
parameter was abnormal in groups A and B. 
Conti nually rising values of serum sodium were 
registered in group A on days 4 (147.21 ± 8.470 
mEq/L) through 7 (149.37 ± 8.973 mEq/L) and in 
group B on days 5 (146.36 ± 8.272 mEq/L) thro-
ugh 7 (147.70 ± 8.865 mEq/L).One can pre sume 
that hydrocorti sone administrati on favors hyper-
natremia – serum sodium values are increased 
on days 4 and 7 in both group A and group B in 
comparison to group C (p = 0.038 and 0.035, re-
specti vely). Navar is signifi cantly higher in groups 
A and B compared to group C (p = 0.012). One can 

observe that hypernatremia progresses faster who 
hydrocorti sone is ad ministered as a bolus instead 
of being given in a conti nual fashion: hypernatre-
mia appears on day 4 in group A vs. day 5 in group 
B. However, this diff erence was not stati sti cally sig-
nifi cant between the two groups (p > 0.05). A sig-
nifi cant rise in serum sodium values is detected 
between days 4 and 7 when group A is compared 
to group C, but this rise is not stati sti cally signifi -
cant when group B is compared to group C (except 
on day 2).

Table 3 shows that the frequency of hyper-
natremia is almost constant in group C, but doubles 
itself during the study period in group A (13 
episodes on day 1 vs. 31 episodes on days 4-7) and 
group B (12 episodes on day 1 vs. 25-27 episodes 
on days 3-7). These diff erences are stati sti cally 
signifi cant between groups A and C (pAC < 0.05).

FIGURE 1. The associati ve distributi on of pati ents according to study group and diagnosis upon admission to the 
ICU (T – trauma, S – surgery and M – medical)

TABLE 1. The descripti on of the study groups according to the following demo-
graphical parameters: age, sex, admissions category, gravity scores

Parameter Study group pA (n = 58) B (n = 59) C (n = 54)
Age (years) 60.41 ± 19.36 59.02 ± 20.28 61.00 ± 18.54 0.855
ICU Admissions 
Category

S 16 18 11
0.525M 13 10 16

T 29 31 27
Gender F 16 21 22 0.335

M 42 38 32
SOFA 12 ± 2.59 12 ± 2.12 11 ± 2.56 0.428
APACHE II 21.5 ± 9.9 24 ± 7.83 22.5 ± 9.65 0.82
SAPS II 51 ± 16.14 52 ± 16.57 51 ± 15 0.332
SOFA – Sequenti al Organ Failure Assessment Score
APACHE II – Acute Physiology and Chronic Health Evaluati on II
SAPS II – Simplifi ed Acute Physiology Score II
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Table 4 analyses the risk of hypernatermia as 
a functi on of HHS administrati on patt ern and ro-
ute. The results suggest that the administrati on 
of HHS signifi cantly favors the ocurrence of ele-
vati ons in normal serum sodium levels (pAB/C < 
0,05; pA/C < 0,05; pB/C < 0.05), as the risk of hyper-
natremia is approximately three ti mes greater 
in pati ents who received corti sol compared to 
those who were not treated with this drug (RR 
2.82, 1.35<OR<5.90, p = 0.0041). This risk is gre-
ater in pati ents who received a bolus of HHS in 

comparison to those who have not (group A – 
RR 3.08, 1.32<OR<7.25 vs. group C – p = 0.0071; 
group B – RR 2.58, 1.12<OR<6.01 vs. group C, p 
= 0.0245). The mean risk of hypernatremia whi-
ch can be atributed to HHS is 64.5%. This risk 
was greater in pati ents who received boluses of 
HHS (67.5%) in comparison to those in which 
HHS was administered conti nually (61.24%). If 
the administrati on of HHS as a bolus is compa-
red with conti nuous administrati on, the risk of 
hypernatremia which can be att ributed to HHS 

TABLE 2. The variati on of serum sodium levels (Navar) in the three study groups during the seven days in which 
hydrocorti sone hemisuccinate (HHS) was administered

Serum 
sodium 
levels

STUDY GROUPS P
Group A (n = 58) Group B 

(n = 59)
Group C 
(n = 54)

A/B/C A/B A/C B/C

Day 1 141.28 ± 6.542 141.53 ± 7.326 140.35 ± 7.390 0.656 0.846 0.484 0.399
Day 2 143.30 ± 7.338 144.08 ± 7.221 141.17 ± 6.952 0.088 0.566 0.120 0.031*
Day 3 145.27 ± 8.089 145.57 ± 7.527 143.12 ± 6.425 0.178 0.841 0.131 0.072
Day 4 147.21 ± 8.470 145.72 ± 7.923 143.24 ± 7.293 0.038* 0.351 0.012* 0.098
Day 5 147.73 ± 8.666 146.36 ± 8.272 144.00 ± 7.530 0.072 0.408 0.023* 0.136
Day 6 148.49 ± 8.317 147.06 ± 8.329 144.57 ± 7.525 0.053 0.387 0.015* 0.121
Day 7 149.37 ± 8.973 147.70 ± 8.865 144.79 ± 8.338 0.035* 0.348 0.010* 0.099

Navar

8.59 ± 5.960 6.63 ± 7.609 4.54 ± 7.455 0.012* 0.124 0.0019* 0.1437
Min. -8
Max. 21

Min. -17
Max. 23

Min. -12
Max. 22

Navar = the diff erence between the serum sodium values (expressed in mEq/L) on the fi rst and last day of the study 
period

(* = stati sti cally signifi cant diff erences in serum sodium values between study groups, p < 0.05)

TABLE 3. The dynamic distributi on of hypernatremia episodes in the three study 
groups during the seven days in which hydrocorti sone hemisuccinate (HHS) was ad-
ministered

STUDY GROUP P

Hypernatremia Group A 
(n = 58)

Group B 
(n = 59)

Group C 
(n = 54)

A/B/C A/B A/C B/C

Day 1 13 12 12 0.956 0.481 0.581 0.822
Day 2 16 17 9 0.146 0.241 0.128 0.179
Day 3 26 27 13 0.098 0.995 0.053 0.042*
Day 4 30 25 12 0.013* 0.566 0.002* 0.042*
Day 5 31 25 15 0.071 0.442 0.014* 0.228
Day 6 31 23 14 0.025* 0.276 0.005* 0.179
Day 7 31 25 13 0.021* 0.487 0.004* 0.074

(* = stati sti cally signigicant diff erences in the daily frequency of hypernatremia in the 
three study groups, p < 0.05)

TABLE 4. The risk of hypernatremia as a functi on of hydrocorti sone hemisuccinate (HHS) administrati on patt ern 
and route

Comparison between 
study groups

p Esti mated relati ve risk of hypernatremia 
aft er administrati on of HHS (OR; CI 95% OR)

The risk of hypernatremia due to 
the adminstrati on of HHS (%)

(A+B) vs. C 0.0041* 2.82 (1.35<OR<5.90) 64.5
A vs. C 0.0071* 3.08 (1.32<OR<7.25) 67.5
B vs. C 0.0245 * 2.58 (1.12<OR<6.01) 61.24
A vs. B 0.7705 1.20 (0.54<OR<2.65) 16.7

(* = stati sti cally signigicant diff erences in the frequency of hypernatremia between the three study groups, 
p < 0.05)
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is 16.7%, RR 1.20, 0.54<OR<2.65, p = 0.7705 (no 
stati sti cal sig nifi cance).

DISCUSSIONS
Although the use of corti costeroids in the 

treatment of severe infecti ons has been a con-
troversial subject for over 50 years (11,12), some 
aspects sti ll have not been elucidated.

A normal adult secretes 15-25 mg of corti sol/
day, reaching 200-350 mg/day in maximum stress 
(13). These data have led pharmacologists to clas-
sify corti costeroid doses into small (25-200 mg/
day), stress-dose (200-300 mg/day), supra physio-
logical (300-1,000 mg/day) and extreme (>1,000 
mg/day) (13). The ideal dose of corti co steroids in 
pati ents with sepsis should eliminate hyperinfl am-
mati on without triggering immuno suppression or 
other adverse reacti ons (13). The emergence of 
the concept of relati ve adrenal in suffi  ciency emer-
ged infl uenced physicians to ad minister substi tu-
ti ve doses of corti sol (maximum 200 mg/day) for 
longer periods of ti me (7 days or unti l the remis-
sion of septi c shock) (14-25). The use of higher 
doses is clearly contraindicated in septi c shock.

Very few studies have correlated the mode of 
administrati on of HHS (bolus vs. conti nuous) with 
the drug’s adverse eff ects. A study done by Keh et 
al. in 2003 (26) compared the conti nuous adminis-
trati on of low doses of corti sol to placebo and 
demonstrated the benefi c eff ects of the drug on 
both haemodynamic parameters and proinfl am-
matory mediators. Other experimental studies 
have shown that bolus administrati on leads to va-
riati ons in the serum concentrati on of corti sole, 
with the subsequent inhibiti on of the cellular im-
mune response (27). Loisa et al. (28) was the fi rst 
to compare conti nuous and bolus adminis trati on 

of HHS with respect to glycemic control and septi c 
shock remission. He concluded that conti nuous 
administrati on reduces the number of hyperglyce-
mic episodes and facilitates their con trol using 
smaller and less-frequently adjusted doses of in-
sulin. No haemodynamic diff erences between the 
two groups were noted. However, conti nuous ad-
ministrati on may lead to a persistent inhibiti on of 
the hypothalamic-pituitary-corti co adrenal axis. 
Cur rent data do not allow us to make a fi rm rec-
ommendati on in this sense, although it seems to 
be bett er to administer HHS in a con ti nuous man-
ner when possible (29).

The current study has demonstrated that the 
administrati on of corti zol increases the risk of hy-
pernatremia in pati ents with septi c shock. When 
HHS is administered, the number of hypernatrem-
ic episodes is twice a great, the mean serum sodi-
um levels rise above normal on the fourth (bolus), 
res pecti vely on the fi ft h day of treatment (conti n-
uous administrati on) and the risk of hypernatremia 
is three ti mes as high. The results of this study 
con fi rm the possible advantages demonstrated by 
conti nuous administrati on of HHS (group B) in 
comparison to bolus administrati on of similar dos-
es (group A) in pati ents with septi c shock: hyper-
natremia appears 24 later in the former group and 
the relati ve risk of hypernatremia is smaller (RR 
2.58 vs. 3.08).

CONCLUSIONS
The present study confi rms the hypothesis 

that pati ents with septi c shock who receive hy-
drocorti sone are at higher risk of developing hy-
pernatremia, although this risk can be lowered 
by the administrati on of the drug in a conti nu-
ous mode. 
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