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Abstract

Obijective: To identify factors associated with outcome of septic shock patients receiving high
dose noradrenaline according to three primary infection sites.

Methods: This retrospective study was based on data from a publicly available ICU database
(Medical Information Mart for Intensive Care [MIMIC] Ill. Septic shock patients receiving high
dose (>1 pg/kg per min) noradrenaline and >18 years were identified and their characteristics
and outcomes were compared according to three primary infection sites (abdominal, respiratory
and urinary tract).

Results: 154 septic shock patients who received high doses of noradrenaline were identified;
(89 [58%] had a respiratory infection, 41 [27%] an abdominal infection and 24 [16%] a urinary
infection). There were no differences among the three infection groups in duration/maximum
dosage of noradrenaline, length of stay in the ICU/hospital, do not resuscitate (DNR) rates,
hypertension and adequate antimicrobial therapy. Patients with urinary infections had a lower
risk of death at 28-days compared with those with abdominal or respiratory infections.
Conclusions: The prognosis for septic shock patients receiving high dose noradrenaline is poor.
Patients with abdominal or respiratory infections are at higher risk of death compared with those
with urinary infections.
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Introduction

Refractory shock develops in approximate-
ly 6-7% of critically ill patients and is asso-
ciated with extremely high mortality.! For
these patients, high dose vasopressor thera-
py is sometimes necessitated to maintain
normal organ perfusion. According to the
International Guidelines for Management
of Sepsis and Septic Shock, noradrenaline
is recommended as the first-choice vaso-
pressor for septic shock.” However, high
doses of noradrenaline have been associated
with a poor prognosis. Mortality rates of
65-100% have been recorded in septic
shock patients receiving high doses of nor-
adrenaline (i.e., >1 pg/kg per min).>* These
values are much higher than the average
40% mortality rate which has been reported
for septic patients.’

Abdominal, respiratory and urinary
infections are the three most common
causes of sepsis.® However, limited data
are available on the characteristics and out-
comes of septic shock from infections of
different origin. One study that compared
different outcomes of ICU patients with
respiratory or abdominal infections found
that septic shock was more common in
patients with abdominal infections but the
mortality rates in the two patient groups
were similar.” Data are also limited on the
outcomes of septic shock patients who
received high doses of noradrenaline. For
these patients, evaluating the risk of death
is of paramount importance for both clini-
cians and family members when deciding
whether or not to continue with intensive
therapy. Therefore, the aim of this

retrospective study was to identify factors
associated with outcome in a cohort of
septic shock patients receiving high dose
noradrenaline according to three different
primary infection sites (i.e., abdominal,
respiratory and urinary tract).

Methods

This study was based on data from a pub-
licly available ICU database (Medical
Information Mart for Intensive Care
[MIMIC] III [version 1.4]).%° The database
contains information from 46,520 critically
ill patients admitted to a single centre in the
USA (Beth Israel Deaconess Medical
Centre, Boston, MA) from 2001 to 2012.°
Access to the database was approved by the
Institutional Review Boards of the
Massachusetts Institute of Technology
(Cambridge, MA, USA) and the Beth
Israel Deaconess Medical Centre after com-
pletion of a NIH web-based course named
“Protecting Human Research
Participants”. Patient data were anony-
mised and so informed consent was not
required. Data were extracted from the
database using structure query language
(SQL)  with  pgAdmin4  PostgreSQL
9.6. software.

Patients, >18 years, with a diagnosis of
septic shock and receiving high dose nor-
adrenaline (>1 pg/kg per min) '*!''during
their first ICU admission on each hospital-
ization were eligible for the study.
According to Sepsis-3 definition, septic
shock was defined as infection or suspected
infection, plus an increase in Sequential
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Organ Failure Assessment (SOFA) score
of >2 points and a vasopressor requirement
to maintain a proper mean arterial
pressure.’ In addition, the origin of the
patients’ infection was from abdominal,
respiratory or urinary tract sources.
Infection or suspected infection was defined
as either (a) International Classification
of Diseases (ICD)-9 contained any of the
following term “infection”, “pneumonia”,
“meningitis”, “pyelonephritis”,
“peritonitis”, “bacteraemia”, “sepsis” or
“septic”, or, (b) positive microbiological
culture. '’Patients without a confirmed
infection or who had more than one infec-
tion were excluded from the study. Organ
failure was defined as SOFA score >2 for
one organ'® and inadequate antimicrobial
treatment was defined as the antimicrobial
agents used had no activity against the cul-
tured pathogens.'*

Patients’ characteristics including sex,
age, diagnosis on admission, comorbidities,
Simplified Acute Physiology (SAP) score;
SOFA score on Day 1, 3, 5 and 7, length
of stay (LOS) in ICU and hospital, causa-
tive agents, do-not-resuscitate (DNR) rates
and mortality were extracted from the data-
base. DNR orders were recorded when they
happened after septic shock.

Statistical analyses

The primary endpoint was 28-day mortali-
ty. Normally distributed quantitative varia-
bles were presented as mean 4 standard
deviation (SD) and skewed variables were
summarized as median and interquartile
range (IQR). Continuous data were com-
pared using the Kruskal-Wallis U test and
categorical data were compared using
y-square or Fisher’s exact test as appropri-
ate. Significant risk factors for 28-day mor-
tality were identified using the Wald
yx-squared test (Figure 1). These factors
were entered into a Cox proportional
hazard model to assess their association

with mortality at 28 and 90-days. Kaplan-
Meier plots were used to compare differen-
ces in 28-day survival between the three
primary infection sites. All analyses were
performed wusing R version 3.3.3 for
Windows (http: //www.r-project.org/) and
a P-value <0.05 was considered to indicate
statistical significance.

Results

In total, 154 septic shock patients who
received high doses of noradrenaline were
identified from the database. From this
cohort, 89 (58%) had an infection of respi-
ratory origin, 41 (27%) of an abdominal
origin and 24 (16%) of a urinary tract
origin (Table 1). There were no significant
differences between groups in age at admis-
sion, admission type, comorbidities and
resuscitation endpoints. However, fluid bal-
ance status was significantly different
between groups (P=0.006) (Table 1). The
variations in intake and output of fluid
were probably due to different requirements
of fluid resuscitation volumes for the septic
shock patients.

Although SAPS 1II scores and SOFA
scores on day 1, 3 and 5 were comparable,
SOFA scores on day 7 for the respiratory
infection group were statistically signifi-
cantly different (P =0.036) from the other
two groups (Table 2). Unsurprisingly,
patients with a respiratory infection had
the highest incidence of respiratory failure
(61, 69%, P =0.043) and patients with an
abdominal infection tended to have more
liver failure (5, 12%, P =0.040). Of note,
the incidence of secondary bacteraemia in
the abdominal infection group was twice
that of the other infection groups (51% vs
25% and 25%).

For patients with abdominal infections,
Escherichia coli (5, 12%), Pseudomonas aer-
uginosa (3, 7%) and Klebsiella pneumonia
(4, 10%) were the most common gram-
negative  organisms while coagulase
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Figure I. The importance of each factor as assessed by the Wald % test. The significant variables were:
SOFA scores on Day |, infection sites, age >60 years, noradrenaline (norepinephrine) duration, presence of

hypertension and adequate antimicrobial therapy.

negative (11, 27%) and positive (9, 22%)
Staphylococci were the most common
gram-positive bacteria (Table 3). In addi-
tion, 9 (22%) patients with an abdominal
infection had Candida. Most of the patients
in the respiratory infection group (38, 43%)
had positive cultures for Staphylococci. The
three leading gram-negative organisms for
this group of patients were, E. coli (7, 8%),
P aeruginosa (9, 10%) and K. pneumonia (7,
8% ). As expected, half of the patients with
a urinary infection were positive for E. coli.
However, most patients (85%) received
adequate antibiotic treatment (Table 4).

The maximum dosage/duration of nor-
adrenaline therapy, adequate antimicrobial
therapy, length of stay in ICU/hospital and
DNR rates were comparable among the
three infection groups (Table 4). However,
the 28- and 90-day mortalities were statisti-
cally significantly different among the
groups (P=0.009) (Table 4). The 28-day
mortality rates were 59%, 52% and 21%
for the abdominal, respiratory and urinary
tract infection groups, respectively. The 90-
day mortality rates were 68%, 56% and
29% for the abdominal, respiratory and
urinary tract infection groups, respectively.
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Table |I. Demographic baseline characteristics of the 154 septic shock patients receiving high dose nor-

adrenaline according to three primary infection sites.

Abdominal Respiratory Urinary tract
infection infection infection
Characteristics n=4I| n=89 n=24
Sex, male 22 (54) 61 (69) 7 (29)
Age, >60 years 27 (66) 65 (73) 15 (63)
Admission type
Elective I (2) 5 (6) I (4)
Emergency 40 (98) 83 (93) 23 (96)
Urgency 0 (0) I (1) 0 (0)
Diagnostic categories
Respiratory 2 (5) 36 (40) 2 (8)
Cardiovascular 4 (10) 26 (29) 7 (29)
Digestive 17 (42) 6 (7) I (4)
Sepsis I (27) 4 (5) 5(21)
Urinary I (2) I (1) 4 (17)
Chest pain 2 (5) 3 (34) I (4)
Abdominal pain 3(7) 0 (0.0 2 (8)
Altered mental status 0 (0) 3(3) I (4)
Cancer 0 (0) 3(3) 0 (0)
Others I (2) 7 (8) I (4)
Comorbidities
Hypertension 5(12) 18 (20) 4 (17)
CHF 9(22) 30 (34) 6 (25)
CPD 8 (20) 23 (26) 2 (8)
Metastatic cancer 3(7) 5 (6) 2 (8)
Renal failure 7(17) 24 (27) 4 (17)
Complicated diabetes 2 (5) 9 (10) 2 (8)
Resuscitation endpoints
Heart rate 95 (81, 104) 96 (80, 117) 88 (75, 102)
MAP, mmHg 70 (61, 81) 71 (62, 84) 70 (66, 75)
CVP*, mmHg 14 (10, 17) 12 (9, 16) 11 (10, 19)
MVOS*, % 77 (68, 82) 73 (58,79) 65 (56, 75)
Fluid balance*
Fluid intake, | 11.07 (5.03, 18.36) 6.35 (3.29, 11.03) 9.92 (7.00, 15.38)

Urine output, |

0.68 (0.15, 1.29)

115 (0.54, 1.97)

.44 (0.67, 2,61)

Values are presented as n (%) or median (interquartile range)

#missing data from one patient; * First 24 hours after ICU admission;
Abbreviations: ICU, intensive care unit; CHF, Congestive heart failure; CPD, Chronic pulmonary disease; MAP, mean
arterial pressure; CVP, Central venous pressure; MVOS, Mixed venous oxygen saturation

A Cox proportional hazard model was
used to assess the influence of significant
risk factors identified using by the Wald
x> test, on 28-day mortality. The factors
were: age >60 years; SOFA score (Day 1);
noradrenaline duration; adequate

antimicrobial therapy; hypertension. As
shown in Table 5, only SOFA scores on
Day 1 were statistically significantly associ-
ated with increased 28-day mortality
(P <0.001). Compared with the urinary
infection group, the respiratory and
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Table 2. Severity of the 154 septic shock patients receiving high dose noradrenaline according to three

primary infection sites.

Abdominal Respiratory Urinary tract
infection infection infection
Characteristics n=41 n=89 n=24
SAPS I 63415 60+ 14 53417
SOFA score
Day | 10 (9, 13) 10 (8, 12) 10 (8, 12)
Day 3 8 (6 11) 7 (4, 10) 74, 10)
Day 5 6 (4, 10) 5@3,9) 4 (1,5)
Day 7 4 (2, 10) 5(,7) 3 (0, 3)
Organ failure on admission
Respiration 23 (56) 61 (69) 10 (42)
Coagulation 3 (42) 4 (25) 2 (42)
Liver 5(12) 2(2) 0 (0)
Cardiovascular 41 (100) 89 (100) 23 (96)
CNS 6 (15) 17 (19) 5 (1)
Renal 18 (44) 27 (30) 6 (25)
Secondary Bacteraemia 21 (51) 22 (25) 6 (25)

Values are presented as mean =+ standard deviation (SD) or n (%) or median (interquartile range)
Abbreviations: SAPS Il, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; CNS, central

nervous system

abdominal infection groups were associated
with higher risk of death (P =0.023 and P
=0.015, respectively). Kaplan-Meier curve
analyses were used to compare differences
in 28-day survival between the three infec-
tion sites (Figure 2). There was no statisti-
cally significant difference between the
abdominal and respiratory infection
groups (Log Rank=0.9) but compared
with the urinary infection group, the
abdominal infection group (Log
Rank=7.7, P =0.006) and the respiratory
infection group (Log Rank=59, P
=0.015) were significantly associated with
28-day mortality.

Discussion

Refractory shock can occur even after
aggressive fluid resuscitation and so high
dose vasopressors maybe required in
patients with septic shock to maintain
organ perfusion. However, high dose

vasopressor therapy has been associated
with unfavourable outcomes. For example,
one study found that the likelihood of sur-
vival in ICU was minimal when patients
received more than 0.5ug/kg per min of
noradrenaline or adrenaline.* In another
study in critically ill patients, noradrenaline
> 0.9 pg/kg per min was associated with a
28-day mortality rate of 65%.> In patients
with sepsis who received > 1 pg/kg per min
of noradrenaline, a retrospective analysis of
data from 433 patients found a mortality
rate of 83%.'"In addition, it is unclear if
the source of the infection has an impact
on the outcome of septic shock patients
receiving high dose norepinephrine.

This retrospective study of data from a
publicly available ICU database (MIMIC-
III) which contained information from
46,520 critically ill patients admitted to a
single centre in the USA,” included 154
patients with septic shock who had received
high dose (>1 ug/kg per min)
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Table 3. Distribution of micro-organisms isolated from culture-positive-infected septic shock patients
receiving high dose noradrenaline according to three primary infection sites (n=154).

Abdominal Respiratory Urinary tract
infection infection infection
Causative agents n=4| n=89 n=24
Gram-negative bacilli
Escherichia coli 5(12) 7 (8) 12 (50)
Pseudomonas aeruginosa 3(7) 9 (10) 2 (8)
Klebsiella pneumoniae 4 (10) 7 (8) 2 (8)
Proteus mirabilis I (2) 0 (0) I (4)
Haemophilus 0 (0) 2(2) 0 (0)
Enterobacter cloacae 0 (0) 2 (2) 0 (0)
Xanthomonas 0 (0) 3(3) 0 (0)
Morganella morganii I (2) I (1) I (4)
Gram-positive bacilli
Staphylococcus spp.
coagulase negative Il (27) 14 (16) 1 (4)
coagulase positive 9 (22) 24 (27) 2 (8)
Streptococcus spp.
alpha streptococcus 2 (5) I (1) 1 (4)
beta streptococcus 0 (0) 2 (2) 2 (8)
S. pneumoniae 0 (0) 5 (6) 0 (0)
Enterococcus spp.
E. faecium I (2) 2(2) 0 (0)
E. faecalis I (2) 2(2) I (4)
Anaerobes
Clostridium difficile I (2) 0 (0) 1 (4)
Fungi
Candida 9 (22) 7 (8) 2 (8)
Aspergillus I (2) 6 (7) 0 (0)
Virus I (2) 2(2) 0 (0)

Values are presented as n (%)

noradrenaline. In this cohort of patients,
infections of the respiratory tract were the
most common source of infection (58%),
followed by abdominal (27%) and urinary
(16%) infections. These findings are in
agreement with those from a large interna-
tional study where respiratory infections in
the ICU were the most common (64%)
while infections originating in the abdomen
or renal/urinary tract accounted for 20%
and 14%, respectively.'?

We found that the abdominal and respi-
ratory infection groups recorded the largest
number of deaths, almost twice as many as

the urinary infection group. Analysis
showed that by comparison with infections
originating from the urinary tract, infec-
tions of an abdominal or respiratory
origin were significantly associated with
28-day mortality in this cohort of patients.
These findings are consistent with results
from previous studies that have shown uri-
nary infections were less severe and associ-
ated with better outcomes in patients with
septic shock compared with respiratory,
and abdominal infections.'>'® In our opin-
ion, the lower risk of mortality may reflect
the relative straightforward approach to
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ns

p

p

22 (91.7)
6(4, 9)
15 (7, 18)
I (4)
5(21)
7 (29)

24
2.0 (1.1, 4.9)

Urinary tract
infection
41.0 (17.4-64.4)

n=

11 (7, 20)

71 (86.4)
8 (4, 15)
24 (27)
46 (52)
50 (56)

89
52.1 (29.4-124.7)

Respiratory
infection
2.0 (1.0, 6.5)

n=

1 (3, 25)

33 (78.6)
53, 15)
10 (24)
24 (59)
28 (68)

41

2.1 (1.1, 3.9)

485 (23.4-131.1)

Abdominal
infection

n

154
2.0 (1.1, 5.1)
49.5 (23.3-111.2)
131 (85.1)
7 (4, 14)

12 (6, 21)

35 (23)

75 (49)

85 (55)

Total
n=

Table 4. Supportive therapy and outcomes of the 154 septic shock patients receiving high dose noradrenaline according to three primary infection sites.

Maximum dosage of noradrenaline, pg/kg/min
Values are presented as n (%) or median (interquartile range)
ICU, intensive care unit; DNR, do not resuscitate; ns, not significant

Duration of noradrenaline administration, h

Adequate antimicrobial therapy
Length of stay in ICU, days
DNR rate after septic shock

28-day mortality

Length of stay in hospital, days
90-day mortality

source control for many patients with uri-
nary infection compared with
other infections.

In this present study, patients in the
abdominal infection group had the highest
SAPS II scores and 28- and 90-day mortal-
ity rates compared with the other patient
groups. In addition, we observed that the
incidence of secondary bacteraemia in the
abdominal infection group was twice that
of the other infection groups. These find-
ings are consistent with previous stud-
ies.'®!” One possible explanation for these
observations is that abdominal infections
are typically polymicrobial.'® We are of
the opinion that bloodstream infections sec-
ondary to abdominal infections tend to
result in multidrug resistance and pose a
challenge for antibiotic therapy. For exam-
ple, although mortality rates of 6-11% have
been recorded following abdominal infec-
tion,'”? after the infection has progressed
to septic shock, the risk of death increases
dramatically.?' One study found that the
7-day mortality of patients with pyelone-
phritis and septic shock was 26% while
those without septic shock was zero.*>

Our study showed that high SOFA
scores on Day 1 were associated with
increased risk of death. A strong correlation
between vasopressor dose and SOFA scores
has been observed previously.'® These
investigators also found that the interaction
between SOFA score >10 and dose of nor-
adrenaline >0.75 pg/kg per min was associ-
ated with an increasing 28-day mortality.
Nevertheless, we found no differences
between the three infection groups in the
duration/maximum dosage of noradrena-
line, length of stay in the ICU/hospital,
DNR rates, hypertension and adequate
antimicrobial therapy. Interestingly, a
large proportion of patients were receiving
adequate antimicrobial treatment which
appeared to have little impact on their sur-
vival. It has been suggested that prolonged
infections may be more a reflection of host
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Table 5. Risk factors for 28- day mortality based on multivariable Cox regression analysis.

Variable Hazard ratio (95 % ClI) Statistical significance
Age, >60 years 1.66 (.96, 2.87) ns
SOFA score (Day 1) 1.17 (1.08, 1.25) P <0.001
Noradrenaline duration 1.00 (1.00, 1.00) ns
Adequate antimicrobial therapy 1.45 (0.85, 2.26) ns
Hypertension 0.69 (0.31, 1.11) ns
Infection type
Urinary tract infection REFERENCE
Respiratory infection 2.960 P =0.023
Abdominal infection 3.389 P =0.015

SOFA, Sequential Organ Failure Assessment; ns, not significant

1.0

o
@
L

Survival probability

064

044

Urinary infection
~——— Respiratory infection

~—— Abdominal infection

0 10

20

Days after ICU admission

Figure 2. Kaplan-Meier survival curve analysis of septic shock patients receiving high doses of noradren-
aline according to three primary infection sites. The 28-day survival was comparable between abdominal and
respiratory infection population (Log Rank =0.9). However, compared with the urinary infection group,
the abdominal infection group (Log Rank=7.7, P=0.006) and the respiratory infection group (Log
Rank=5.9, P=0.015) were significantly associated with 28-day mortality.

immune activity rather than an indication
of the presence of viable microorganisms.**
However, further studies are required to
determine if influencing factors, such as
adequate/inadequate antimicrobial therapy
are associated with outcomes in septic

shock patients since in this study only
approximately 15% of patients were receiv-
ing inadequate antibiotic treatment.

The study had several limitations. For
example, it was a retrospective analysis of
data from a single centre in the USA and so
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the evaluation may have been influenced by
numerous biases. In addition, because the
sample size was small and the positive cul-
ture rate was low, the association between
microbiologic characteristics of the source
infections and patients’ outcome could not
be established. Finally, the exact causes of
death for this cohort of patients were
not evaluated.

In summary, we found that septic shock
patients receiving noradrenaline >1 ug/kg
per min had a poor prognosis. Duration/
maximum dosage of noradrenaline, length
of stay in the ICU/hospital, DNR rates,
hypertension and adequate antimicrobial
therapy were similar among the three differ-
ent primary infection groups. However,
patients with urinary infections had a
lower risk of death at 28-days compared
with those who had abdominal or respira-
tory infections. Given this heterogeneity,
future studies should subgroup septic
shock patients according to primary infec-
tion sites rather than group them as
a whole.”
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