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Take-home message: Chronic dialysis
patients admitted to the ICU with septic
shock undergo time-varying survival, with
early improved survival followed by similar
or worse survival compared to non-dialysis
patients. The former also differ from non-
dialysis patients in terms of causative
organisms, site of infection and delayed
empiric antimicrobials. Improvements in
timely antimicrobial therapy could optimize
outcomes.
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Abstract Objectives: To describe
the clinical characteristics and in-
hospital mortality of chronic dialysis-

dependent end-stage kidney disease
patients with septic shock in com-
parison to septic shock patients not
receiving chronic dialysis. Meth-
ods: Using an international,
multicenter database, we conducted
a retrospective analysis of data col-
lected from 10,414 patients admitted
to the intensive care unit (ICU) with
septic shock from 1989 to 2013, of
which 800 (7.7 %) were chronic
dialysis patients. Data on demo-
graphic characteristics, sites of
infection, microbial pathogens,
antimicrobial usage patterns, and in-
hospital mortality were aggregated
and compared for chronic dialysis
and non-dialysis patients. Multivari-
ate time-varying Cox models with
and without propensity score
matching were constructed to deter-
mine the association between
dialysis and in-hospital death. Re-
sults:  Septic shock secondary to
central venous catheter infection,
peritonitis, ischemic bowel, and
cellulitis was more frequent in
chronic dialysis patients. The isola-
tion of resistant organisms (10.7 vs.
7.1 %; p = 0.005) and delays in
receiving antimicrobials (6.0 vs.

5.0 h) were more common in
chronic dialysis patients than in non-
dialysis patients. Delayed appropri-
ate antimicrobial therapy was
associated with an increased risk of
death in chronic dialysis patients
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(p < 0.0001). In-hospital death
occurred in 54.8 and 49.0 % of
chronic dialysis and non-dialysis
patients, respectively. After propen-
sity score matching, there was no
difference in overall survival
between chronic dialysis and non-
dialysis patients, but survival in
chronic dialysis patients decreased

over time compared to non-dialysis
patients. Conclusions: The demo-
graphic and clinical characteristics
of chronic dialysis patients with
septic shock differ from those of
similar non-dialysis patients. How-
ever, there was no significant
difference in mortality between the
chronic dialysis and non-dialysis

patients with septic shock enrolled
in this analysis.

Keywords Dialysis - Kidney failure -
Septic shock - Antimicrobials -
In-hospital mortality - Epidemiology -
Dialysis modality

Introduction

Infection is leading cause of hospitalization, and death in
chronic dialysis-dependent end-stage renal disease
(ESRD) patients [1]. Multiple factors account for high
infection rates and septic shock in this population,
including skin disruption by central venous and peri-
toneal catheter use, predisposing co-morbidities, and
immunosuppression related to uremia [2-6]. Accord-
ingly, the risk of death from sepsis is up to 300 fold
higher for chronic dialysis patients than the general
population [7, 8].

While increased catheter-related infections (both
peritoneal and central venous) are well-documented [9-
12], fewer studies have reported on the broad causes of
infection-related hospitalization in patients with chronic
dialysis [13]. Even less is known about the character-
istics of chronic dialysis patients admitted to the
intensive care unit (ICU) with septic shock. A system-
atic review of 16 studies comprising 6591 ESKD
patients admitted to the ICU reported sepsis as the
primary diagnosis in up to 20.5 % of this patient pop-
ulation, a figure similar to that reported for the non-
dialysis population [5, 14]. However, most studies of
septic shock in chronic dialysis patients have been
limited by little information on infection site, microbi-
ology, antimicrobial therapy, and relatively small
numbers of patients [15-30]. As such, it is unclear if
the clinical characteristics and modifiable therapy of
chronic dialysis patients admitted to ICU with septic
shock differ significantly from those of the septic shock
population without chronic dialysis.

We sought to examine a large cohort of chronic dial-
ysis patients admitted to the ICU with septic shock and
compare these patients to similar septic shock patients
without chronic dialysis. Characteristics to be assessed
included demographic factors, comorbidities, severity of
illness, sites of infection, causative organisms, dialysis
modality, treatment-related factors, such as timing of
appropriate  antimicrobial therapy, and in-hospital
mortality.

Methods
Study population

We analyzed data from the Cooperative Antimicrobial
Therapy of Septic Shock Database, which collects infor-
mation on adult patients with septic shock from 32
medical centers in Canada, the USA, and the Middle East,
from January 1989 to July 2012. We excluded cases
obtained from four hospital sites where only fungal
pathogens were collected. Septic shock was defined by
the 1992 American College of Chest Physicians/Society
of Critical Care Medicine consensus conference guideli-
nes [31]. This study was approved by the Health Research
Ethics Board at the University of Manitoba and all par-
ticipating institutions. Data were collected by trained
research personnel and included patient demographics,
co-morbidities, physiological characteristics, ICU treat-
ments, and ICU and in-hospital outcomes.

Procedures and data definitions

Previous publications have described in detail the study
methods and definitions used in this study [32-34]. The
primary pathogen and site of infection were categorized
according to modified definitions by the Centers for
Disease Control and Prevention of the USA [35]. In order
to qualify as potential pathogens causing shock, isolates
from both local site and/or blood cultures were required to
have been obtained within 48 h of onset of shock. Inap-
propriate antimicrobial therapy was defined as the
provision of empiric drug therapy that did not demon-
strate activity for the isolated pathogen(s), as previously
described [32, 33]. Empiric antimicrobial therapy was
considered to include all new antimicrobials administered
within a 6-h window of the first new antimicrobial given
to the patient after documentation of septic shock. For
culture-negative septic shock, appropriate therapy was
deemed to be initiated when antimicrobials consistent
with broadly accepted guidelines for empiric management



224

of the typical pathogens for the clinical syndrome (in the
context of host immune/health status, environmental
factors and local flora) were given. For the purposes of
this study, the appropriate therapy of culture-negative
infections leading to septic shock was defined by the
recommendations enumerated in Table 1 “Clinical
approach to initial choice of antimicrobial therapy” in the
most recently available “Sanford Guide to Antimicrobial
Therapy” at the time of the occurrence of the case.

The delay in initiation of the appropriate antimicrobial
therapy (i.e., therapy with the appropriate in vitro activity
against the isolated pathogenic organisms or, if a patho-
genic organism was not isolated, appropriate for treatment
of the underlying clinical syndrome) after onset of
recurrent or persistent hypotension was determined for all
cases. The identification of recurrent/persistent hypoten-
sion as described further in the text included ambulance,
paramedic, and/or nursing home records. Dialysis
modality was defined at the time of hospitalization as
peritoneal dialysis (PD) or hemodialysis (HD). For HD,
information on vascular access was not available. ‘Era’
was defined as the period prior to or after 1 January 2005,
respectively. Questionable cases or data elements were
reviewed by the local and study principal investigators for
adjudication. The laboratory and clinical variables col-
lected were the most aberrant values within 24 h of
diagnosis of septic shock and included values for the
Acute Physiology and Chronic Health Evaluation
(APACHE) II score of severity of illness [36].

Exposure and outcome

Chronic dialysis was defined as the regular need for
dialysis (either HD or PD) preceding the hospital admis-
sion. All others were not considered to be chronic dialysis
patients (i.e. “non-dialysis”). This included any patients
who developed acute kidney injury during septic shock
who required acute in-patient dialysis. The primary out-
come of interest was all-cause, in-hospital mortality.

Statistical analysis

Continuous variables of interest were summarized as the
mean =+ standard deviation or median with inter-quartile
range (IQR), as appropriate. Differences in baseline charac-
teristics were determined by Student’s ¢ test for continuous
variables and the chi-square test for dichotomous variables.
We examined in-hospital mortality for chronic dialysis and
non-dialysis patients using the Kaplan—-Meier method and
multivariable time-varying Cox models. Multivariable time-
varying Cox proportional hazards models were created with
the inclusion of covariate(s) based on clinical significance;
the covariates included were age, sex, comorbidities [cancer,
immunocompromised, congestive heart failure (CHF),

coronary artery disease, elective or emergent surgery,
chronic obstructive pulmonary disease (COPD), diabetes]
and APACHE II score. Adjusted hazard ratios (HRs) were
calculated for the survival time in quartiles (0-6 days, 6-14,
14-33, and >33 days) to illustrate time variation. In a sen-
sitivity analysis, the models were repeated excluding all
patients with acute kidney injury (AKI) requiring dialysis.
Dialysis by age, sex, era, and diabetes interaction terms were
created to examine for subgroup differences. In-hospital
mortality in relation to provision of appropriate empiric
antimicrobial therapy or delays in antimicrobial administra-
tion in chronic dialysis patients was assessed using separate
multiple logistic regression models adjusted for the variables
listed above. As there were significant differences in the
baseline characteristics in chronic dialysis and non-dialysis
patients, a propensity score-matched (PSM) cohort was
created and the models repeated. The PSM cohort was cre-
ated using the FUZZY extension bundle of the SPSS
statistical package (ver. 1.4.7; IBM Corp., Armonk, NY)
with Python plug-in and performed with 1:1 nearest neighbor
matching at a maximum caliper of 0.03. The logistic
regression created for PSM contained the following covari-
ates: age, sex, comorbidities (cancer, immunocompromised,
CHF, coronary artery disease, elective or emergent surgery,
COPD, diabetes) and APACHE II score. The c-statistic for
the regression model was 0.73. Standardized mean differ-
ences were calculated to contrast the two groups, with P
values of >0.1 considered to be significantly different. P
values of <0.05 were considered to be statistically significant
for all tests. All analyses were conducted using PASW v. 23
(IBM Corp. http://www.ibm.com/SPSS_Statistics).

Results

Patient characteristics

We identified 11,167 septic shock patients between Jan-
uary 1989 and December 2013. Of these, 753 (6.7 %)
cases were excluded as only fungal pathogen information
was collected at the contributing site. Therefore, for the
analytic study, the final cohort consisted of 10,414
patients, of whom 800 (7.7 %) were on chronic dialysis
and 9614 (92.3 %) were not.

Chronic dialysis patients were more likely to be
female and younger and to have a higher APACHE II
score than non-dialysis patients (Table 1). They also had
diabetes and cardiac disease more frequently but were less
likely to have cancer and COPD. Chronic dialysis patients
had a higher white blood cell count and marginally lower
core temperature, respiratory rate, and heart rate than non-
dialysis patients. There were also significant differences
between the two patient groups in a number of laboratory
indices, including Troponin T (Table 1). Pathogens were
isolated from blood or at the primary anatomic infection
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Table 1 Baseline characteristics of the patient population of chronic dialysis and non-dialysis patients with septic shock

Patient characteristics Total cohort

Propensity score matched

Chronic dialysis Non-dialysis P value Chronic dialysis Non-dialysis Standardized
(n = 800) (n=9,614) (n = 800) (n = 800) difference (%)*
Sex (% female) 494 (n=1395) 43.6 (n=4196) 0.006 49.3 (n =395) 49.4 (n = 386) 0
Age (years) 61.1 £ 15.8 629 £ 17.2 0.003 61.1 =134 61.3 £ 15.8 1.37
Body mass index (kg/m?) 272 £ 7.1 28.3 + 8.2 0.010 27270 29.0 £ 8.5 2.57
APACHE 1I score 279 £ 7.1 25.0 + 8.1 <0.0001 27.8 £7.0 274 £ 8.5 5.14
Co-morbidities, % (n)
Cancer 8.0 (64) 18.1 (1744) <0.0001 8.0 (64) 9.1 (73) 0.94
Immunocompromised 15.1 (121) 13.9 (1334) 0.340 15.1 (121) 15.0 (120) 0.03
Diabetes mellitus 48.0 (384) 25.9 (2490) <0.0001 48.0 (384) 46.6 (373) 0.04
Congestive heart failure 16.9 (135) 11.9 (1142) <0.0001 16.9 (135) 15.3 (122) 0.36
Coronary artery disease 21.1 (169) 13.0 (1251) <0.0001 21.1 (169) 19.4 (155) 0.24
Chronic obstructive 11.0 (88) 15.4 (1478) 0.001 11.0 (88) 12.0 (96) 0.46
pulmonary disease
Surgical admission % (n)
Elective 13.9 (111) 15.0 (1445) 0.408 139 (111) 11.9 (95) 0.72
Emergent 5.0 (40) 6.6 (633) 0.089 5.0 (40) 6.3 (50) 2.77
Laboratory values on day 1
Bicarbonate (mEq/L)° 20.2 £ 4.8 203 £ 64 0.774 202 £ 5.5 18.5 £ 6.6 27.98
Creatine kinase (U/L) 118.0 (50-333) 143 (53-463) 0.0069 118.0 (49.8-333.5) 164 (53-617) 39.06
Albumin (g/L) 229+£72 219 £ 69 0912 219472 22.0 £ 6.9 1.42
Lactate (mmol/L)" 47 £49 46 +42 0.666 4.7 £49 38 +45 19.12
White blood cells (x10°/L)  18.2 + 13.3 16.8 + 15.2 0.018 182+ 133 17.8 £ 174 3.21
Troponin T (p§/L) 0.20 (0.08-0.44) 0.10 (0-0.22) <0.0001 0.19 (0.08-0.53) 0.08(0.01-0.30) 70.40
Platelets (x10°/L) 199.4 £+ 118.0 201.2 £ 139.1 0.730 199.4 £ 118.0 206.5 + 142.8 542
International normalized rate 2.0 £ 1.7 1.8 £ 1.3 0.001 20+ 1.7 1.9 £ 15 6.24
Bilirubin (umol/L) 11.0 (7-22) 15.0 (9-32) <0.0001
Cortisol (nmol/L) 886.7 £ 519.3 1014.2 4+ 8434  0.031 886.7 £ 519.3 1013.0 & 523.5 24.18
Vital signs on day 1
Temperature (°C) 374 £ 1.7 37.6 £ 1.7 0.001 374 £ 1.7 374 £ 1.8 0
Respiratory rate (/min) 24.6 £ 8.9 26.8 £ 9.7 <0.0001 24.6 +9.0 26.8 + 10.2 22.87
Heart rate (/min) 106.7 £ 28.9 116.6 + 29.3 <0.0001 106.7 £ 28.9 115.5 £ 30.9 29.41
Microorganism identified 71.1 (569) 67.5 (6494) 0.041  71.1 (569) 69.1 (553) 0.02
Positive blood culture 33.3 (266) 30.9 (1971) 0.176  33.3 (266) 32.8 (262) 0.03
Nosocomial infection 42.5 (340) 35.9 (3450) <0.0001 42.5 (340) 35.0 (280) 0.29

Data are expressed as percentage, the mean =+ standard deviation
(SD), or median with the interquartile range (IQR) in parenthesis,
as appropriate

APACHE, Acute Physiology and Chronic Health Evaluation score
* A standardized difference >10 % is considered to be significant

site (i.e., culture positive) significantly more often in
chronic dialysis (71.1 %) than in non-dialysis (67.5 %)
patients (P = 0.041) (Table 1). A similar trend with
respect to positive blood cultures (33.3 vs. 30.9 %;
P = 0.181) did not reach significance. The occurrence of
nosocomial infection was 6.6 % higher in the chronic
dialysis group. After PSM, there was considerable
improvement in the covariate imbalance, with no signif-
icant imbalance among the variables used to compose the
score.

Primary site of infection and microbiology
among chronic dialysis and non-dialysis patients

The primary sites of infection differed between the two
patient groups (see Fig. 1), with chronic dialysis patients

® Bicarbonate and lactate values were the most aberrant values of
multiple assays performed first 24 h of the diagnosis of septic
shock; all other laboratory test values are the initial values obtained
at day 1 of septic shock diagnosis

experiencing more central venous catheter-associated
infections (12.3 vs. 2.0 %; P < 0.0001), peritonitis (8.1
vs. 1.9 %; P < 0.0001), ischemic bowel (7.3 vs. 5.0 %;
P = 0.008), and mediastinitis (3.1 vs. 1.0 %; P = 0.002).
Non-dialysis patients experienced more respiratory
infections (39.7 vs. 30.8 %; P < 0.0001), bowel perfora-
tions (8.1 vs. 1.9 %; P < 0.0001), urinary tract infections
(11.7 vs. 49 %; P <0.0001), biliary sepsis (4.0 vs.
2.5 %; P = 0.021), and central nervous system infections
(0.9 vs. 0.1 %; P = 0.020).

Differences in the distribution of pathogens are pre-
sented in Fig. 2. Staphylococcus aureus and Escherichia
coli were the two most common organisms in both
groups, with S. aureus more common in the chronic
dialysis group (26.5 vs. 16.5 %; P < 0.0001) but E. coli
more common in the non-dialysis group (22.3 vs. 16.5 %;
P = 0.014). Other organisms occurring more frequently in
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Fig. 1 Primary source of
infection in chronic dialysis and
non-dialysis patients with septic
shock. CVC Central venous
catheter, SST skin and soft
tissue, PBSI primary blood
stream infection, UTI urinary
tract infection, /A intra-
abdominal, SS7 surgical site
infection, CNS central nervous
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Fig. 2 Primary causative
pathogens in chronic dialysis
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chronic dialysis patients included Pseudomonas aerugi-
nosa (9.4 vs. 7.1 %; P = 0.022), Enterococcus species
(6.5 vs. 4.1 %; P = 0.004), Clostridium difficile (3.6 vs.
2.3 %; P = 0.038), and methicillin-resistant S. aureus
(MRSA) (7.6 vs. 4.6 %; P = 0.004). Streptococcus
pneumonia (8.6 vs. 2.7 %; P < 0.0001), group B, C and G
streptococcal species (2.1 vs. 0.5 %; P = 0.040), and
Haemophilus influenza (1.8 vs. 0.5 %; P = 0.042) were
more frequent in non-dialysis patients. In aggregate,
highly resistant organisms, including MRSA, van-
comycin-resistant enterococci, and extended-spectrum [3-
lactamase E. coli, were more common in dialysis patients
than in non-dialysis patients (10.4 vs. 7.1 %; P = 0.005).

sy
Candida/Other yeast
Enterobacter spp.
C difficile: *
S. pyogenes
*
*

Serratia spp.
Acinetobacter spp.
Viridans streptococcal spp.
Proteus spp.
Group B, C and G streptococcal spp.
H, influenza
MRSA *
VRE
ESBLE, coli

Antimicrobial treatment of septic shock

In the total cohort, chronic dialysis patients were less
likely to receive appropriate and timely antimicrobial
administration relative to non-dialysis patients [see
Electronic Supplementary Material (ESM) Table 1].
Inappropriate initial empiric antimicrobials were given in
20.0 % of cases of chronic dialysis patients compared to
15.8 % (P = 0.002) of non-dialysis patients. No appro-
priate antimicrobial therapy before death was received by
5.6 % of chronic dialysis patients compared to 4.3 % of
non-dialysis patients (P = 0.068). There was no differ-
ence between the two groups in the frequency of receipt



227

of appropriate antimicrobials before versus after the
documented occurrence of hypotension (P = 0.110). The
median time to receipt of appropriate antimicrobials was
longer in chronic dialysis patients [6.0 (IQR 2.4-13.4) vs.
4.6 (IQR 1.8-11.2) h; P < 0.0001). After PSM, there was
no significant difference in the administration of inap-
propriate antimicrobials [20.0 (chronic dialysis) vs.
18.5 % (no dialysis); standardized difference = 0.002];
however, the time to appropriate antimicrobial adminis-
tration remained significant [6.0 (dialysis) vs. 5.0 (no
dialysis) h; standardized difference 0.4).

The details of antimicrobial inappropriateness cannot
be fully elucidated in this limited analysis. However,
among the culture-positive chronic dialysis patients who
received inappropriate therapy (22.8 %; 130/569), 24.6 %
(32/130) had Candida or other fungi isolated as a patho-
gen (absent empiric antifungal therapy), and another
55.4 % (72/130) were patients with highly resistant iso-
lates (as previously defined). The remainder of this patient
group were patients who received overly narrow therapy
(for example, a second- or non-pseudomonal third-gen-
eration cephalosporin for Pseudomonas; vancomycin only
for a Gram-negative microorganism; a fluoroquinolone
without anti-staphylococcal therapy for methicillin-sen-
sitive S. aureus).

Survival of chronic dialysis patients with septic shock

Among the total cohort of patients with septic shock, 5149
(49.4 %) died. Overall mortality improved steadily over
time (mortality prior to 2000 = 60 %, steadily decreasing to
36 % in 2012). The mortality rate among chronic dialysis

patients was 54.8 % (438/800), with a median survival time
of 29 (IQR 24.9-33.1) days; among non-dialysis patients
mortality was 49.0 % (4711/9614), with a median survival
time of 35.0 (IQR 32.6-37.4) days. In the PSM cohort, there
was no significant difference in mortality among the two
groups as mortality was 46.2 % (861/1600) overall, 45.3 %
for chronic dialysis patients, and 47.1 % for non-dialysis
patients. In the PSM cohort, the median survival time was 29
(IQR 24.9-33.1) days for chronic dialysis patients and 27
(22.7-31.3) days for non-dialysis patients (log rank test
P = 0.377; Fig. 3). Death due to septic shock or multisys-
tem organ failure (MSOF) was similar between the two
groups [septic shock: 59.1 (chronic dialysis) vs. 62.6 %
(non-dialysis), P = 0.149; MSOF: 32.4 (chronic dialysis)
vs. 30.4 % (non-dialysis); P = 0.386).

In the adjusted models, the mortality rate of chronic
dialysis patients varied with time compared to that of non-
dialysis patients [admission day 0—6: HR 0.83, 95 % con-
fidence interval (CI) 0.71-0.98; day 7-14: HR 1.08, 95 %
CI10.88-1.32, day 14-33: HR 1.35,95 % CI11.08-1.67, day
>33: HR 1.17, 0.91-1.49; see Table 2]. Interaction terms
for age (P = 0.102), sex (P = 0.79), era (P = 0.390), and
diabetes (P = 0.004) were examined, revealing an
increase in the in-hospital (>33 days) mortality for chronic
dialysis patients with diabetes (HR 1.40, 95 % CI
1.01-1.93) (ESM Table 2). These findings were similar and
consistent in the PSM models and when patients with AKI
requiring dialysis were excluded. We adjusted for treat-
ment center in the time-varying and PSM models, and
although statistically significant (P < 0.0001), adjustment
did not alter the HR for survival of dialysis patients; this
variable was therefore not included in the final model
(results not shown).

Fig. 3 Kaplan-Meier plot of
the propensity score-matched
(PSM) survival for chronic
dialysis and non-dialysis
patients with septic shock (log
rank tests P value 0.377) with
accompanying table of the
number of patients at risk at
various time points. Black line
Dialysis patients, Gray line
non-chronic dialysis patients

Cumulative Survival

0.0+

DIALYSIS

P
|1 .00
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~4--1 DO-censared

p value 0.377 by log rank test

o
8

100 150
Time in hospital (days)
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Table 2 Total cohort and propen51ty score-matched crude and hazard ratio of mortality for chronic dialysis patients in quartiles of time

following hospital admission

Time Deaths (chronic Hazard ratio Deaths (chronic Hazard ratio

quartile dialysis/non-dialysis) (total cohort) dialysis/non-dialysis) (PSM)

0-6 days Chronic dialysis: 155/183 0.83 (0.71-0.98) Chronic dialysis: 155/183 0.76 (0.62-0.94)
Non-dialysis: 2196/2455 Non-dialysis: 218/235

7-14 days Chronic dialysis: 111/215 1.08 (0.88-1.32) Chronic dialysis: 111/215 1.12(0.84-1.47)
Non-dialysis: 1072/2353 Non-dialysis: 89/187

15-33 days Chronic dialysis: 99/204 1.35 (1.08-1.67) Chronic dialysis: 99/204 1.28 (0.95-1.72)
Non-dialysis: 847/2488 Non-dialysis: 78/211

>33 days Chronic dialysis: 73/198 1.17 (0.91-1.49) Chronic dialysis: 73/198 1.54 (1.04-2.28)

Non-dialysis: 595/2316

Non-dialysis: 138/165

The total cohort model was adjusted, and the propensity score-
matched (PMS) cohort was created using the following variables:
age, sex, comorbidities (cancer, immunocompromised, congestive
heart failure, coronary artery disease, elective or emergent surgery,

W survival fraction
& cumulative appropriate antimicrobial initiation

°© o o &

H (2] [o]

o o o 8
.

fraction of total patients

©
N
o

0.00
0-2 2-4 46 6-12 12-18 18-24 24-48 48+

time from hypotension onset (hrs)

Fig. 4 Cumulative appropriate antimicrobial initiation following
onset of septic shock-associated hypotension and associated
survival in chronic dialysis-dependent patients with end-stage renal
disease. x-axis Time (hours) following first documentation of septic
shock-associated hypotension, black bars fraction of patients
surviving to hospital discharge who received the appropriate
therapy initiated within the given time interval, gray bars
cumulative fraction of patients who received the appropriate
antimicrobials at any given time point. Only patients (n = 597)
who received the appropriate antimicrobials after documentation of
hypotension were included

Delays in initiating the appropriate antimicrobial
therapy in chronic dialysis patients with septic shock was
strongly associated with an increased mortality risk (ad-
justed OR 1.07, 95 % CI 1.05-1.10 per hour delay;
P < 0.0001) (Fig. 4).

Information on dialysis modality was available for a
limited number of chronic dialysis patients (368/800,
46 %). Of these 368 patients, 71.7 % were on HD and
28.2 % were on PD. In-hospital mortality was higher in
those patients receiving PD than in those on HD (67.3 vs.
49.2 %; P = 0.002). Catheter-related infection was the
primary site of infection in 94 HD patients, with an

chronic obstructive pulmonary disease, diabetes) and APACHE II
score
CI confidence interval

associated mortality of 36.2 %. There were 58 cases of
peritonitis among the PD patients, with a subsequent
associated mortality of 63.8 %. There were no differences
in the frequency of nosocomial infections or in the
receipt/delay of appropriate antimicrobials between the
dialysis modality groups. Bacteremia was more common
in HD patients (46.2 vs. 32.7 %; P = 0.019).

Discussion

In this large international cohort of patients with septic
shock, overall mortality was similar in the groups of non-
dialysis and chronic dialysis patients, but in the latter
patient population it varied over time following ICU
admission. In the early period after ICU admission
(<6 days after admission), our analysis revealed a sig-
nificant survival advantage; however, this was followed
by progressively increasing mortality. Although physio-
logical and laboratory values were generally similar for
chronic dialysis and non-dialysis patients, important dif-
ferences were observed with respect to demographics, co-
morbidities, sites of infection, infectious pathogens, and
treatment-related factors. Most notably, chronic dialysis
status was associated with infection with resistant
organisms, particularly MRSA. In addition, chronic dial-
ysis patients experienced a delay in receiving the
appropriate antimicrobial therapy, and this delay was
associated with increased mortality, similar to previous
studies [32, 34].

The results from previously published, smaller studies
are conflicting with respect to whether chronic dialysis is
an independent risk factor for increased mortality fol-
lowing ICU admission [15, 16, 19, 20, 25, 28]. We
believe that our study is the first to demonstrate that the
survival of any group of chronic dialysis patients was
significantly better than that of non-dialysis patients
during the initial period following ICU admission.
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Nonetheless, there was no significant difference in the
survival rate following this initial period or overall. The
validity of our findings is reinforced by the observation
that our overall in-hospital survival rate of approximately
50 % for unselected patients with septic shock is very
similar to that reported by recent, large, multinational,
retrospective studies [41, 42]. Multiple factors could
account for the variation in mortality we observed for the
chronic dialysis patients during the period after ICU
admission. It is well reported that ESKD and chronic
dialysis patients are immunodeficient, which may blunt
the overwhelming pro-inflammatory cytokine responsible
for organ injury in early septic shock but which ultimately
negatively impacts on the likelihood of longer-term sur-
vival [37]. A second, unrelated possibility is that
relatively lower early mortality in chronic dialysis
patients resulted from selection bias [38, 39]. Overall, the
chronic dialysis population is older, with a higher number
of comorbid illnesses, and fewer may have received
admission to the ICU overall [39]. In support of this
notion, there were significant demographic differences
observed between chronic dialysis and non-dialysis
patients. We believe that our study is the first to demon-
strate that mortality risk is time-dependent for chronic
dialysis patients, and further study to confirm and explain
the early survival advantage that was noted for the
chronic dialysis group is warranted.

To our knowledge, this is also the first study to assess
the impact of antimicrobial timing and appropriateness
for chronic dialysis patients who develop septic shock.
Overall, chronic dialysis patients were more likely than
non-dialysis patients to receive inappropriate antimi-
crobial therapy (20 vs. 15.8 %). However, this
diminished after PSM, suggesting that illness severity,
demographics, and comorbidities may mask important
information regarding the presence, site, and microbials
associated with septic shock. Chronic dialysis was
associated with a significant delay in the initiation of
antimicrobial treatment (median time 6.0 vs. 5.0 h),
which likely contributes to mortality among chronic
dialysis patients. Kumar et al. (2006) [43] demonstrated
that the survival of patients with septic shock decreased
by 7.6 % for each hour of delay in initiating the appro-
priate antimicrobial therapy over the first 6 h of
documented hypotension. The absence of clinical
symptoms and signs of infection, such as fever and/or
localizing features, is more common among chronic
dialysis patients and may play a role in delayed antimi-
crobial therapy [40, 44, 45]. Rojas et al. [46] recently
reported that among chronic dialysis patients with
bloodstream infection, lack of fever was associated with
increased mortality. These results suggest that chronic
dialysis patients may require a lower clinical threshold to
initiate broad-spectrum antimicrobial coverage as com-
pared with the non-dialysis population and that such an
approach may improve mortality.

Staphylococcus aureus was the most prevalent
pathogen among the chronic dialysis patients, whereas
E. coli was the most prevalent pathogen present in non-
dialysis patients. The finding that S. aureus was relatively
more prevalent in chronic dialysis patients is consistent
with studies showing that this microorganism is respon-
sible for 21-43 % of HD catheter-related infections, of
which 12-38 % are MRSA [47]. MRSA was also rela-
tively more prevalent among dialysis patients, as were
other resistant bacteria. These results reflect the large,
previously documented burden of antimicrobial resistance
that can be broadly found among the chronic dialysis
population [48-50].

In general, the hospitalization rate among the chronic
dialysis population is very high [1]. In our chronic dial-
ysis and non-dialysis patients, respiratory infections were
the most common infection. Not surprisingly, central
venous catheter infections and peritonitis were much
more prevalent in HD and PD patients, respectively,
which is accounted for by increased infectious risks
associated with vascular and peritoneal access [1]. In
contrast to our results, previous studies of chronic dialysis
patients admitted to hospital (but not necessarily ICU)
with bloodstream infections found that access-related
infections were more frequent than respiratory ones [3,
13, 46]. One possibility for this difference is that access-
related infections less frequently progress than pneumonia
to septic shock and/or respiratory compromise which
require ICU admission. More generally, these results
demonstrate that the range of infections leading to ICU
admission for septic shock in this population are broadly
distributed and not limited primarily to access-related
infections as previously reported [13].

We found that chronic dialysis patients with septic
shock were almost twofold more likely to be diabetic than
non-dialysis patients (48 vs. 25.9 %). Diabetes among
both HD and PD patients is associated with higher risks of
hospital admission for septicemia [3]. Notably, we found
a significant interaction between diabetes and chronic
dialysis in which the relative risk of mortality for diabetic
chronic dialysis patients was highest after 33 days and
lowest during the initial 6-day period following admis-
sion. Similar to chronic dialysis, diabetes is also
associated with immunodeficiency, with diabetes patients
having a possible blunted immunologic response to sep-
sis. Conversely, our results may further provide evidence
of selection bias as diabetic dialysis patients may be less
likely to be admitted to the ICU. Given the strong male
predominance of septic shock cases in sepsis datasets
(including our own) and in the chronic dialysis popula-
tion, an unexpected finding of our study was that, relative
to non-dialysis patients, there was a more balanced gender
ratio in chronic dialysis patients with septic shock [1, 33,
34, 52]. A previous large study of chronic dialysis patients
admitted to the ICU found that chronic dialysis patients
were significantly more likely to be women [29];
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however, other studies have shown the opposite [19, 20].
The other notable demographic finding of our study was
that, consistent with the findings of Hutchison et al. [20]
and Strijack et al. [29], both of whom reported the char-
acteristics of large cohorts of dialysis patients admitted to
the ICU, we found that chronic dialysis patients were
significantly younger than their non-dialysis counterparts.
These findings further suggest that older chronic dialysis
patients with septic shock may not be admitted to the ICU
[20]. Severity of illness (as reflected by the APACHE II
score) was greater in our chronic dialysis cohort com-
pared to the non-dialysis one [18, 20, 23, 30]. This may be
based on relatively late ICU referrals or acceptances of
chronic dialysis patients, which would account for the
increased illness severity [20]. After matching, no dif-
ference in APACHE II scores persisted; however, this
result must be interpreted with caution as the presence of
chronic dialysis alone mandates awarding of between 2
and 5 points to each patient in that group. Thus, the
application of advanced matching techniques to attenuate
differences in the APACHE II score may conversely lead
to the matching of chronic dialysis to sicker non-chronic
dialysis patients.

This study has several important limitations. Patients
were classified as chronic dialysis if they were on dialysis
prior to hospital admission, with the duration of dialysis
being unknown. The available data did not allow us to
distinguish between vascular access type (central venous
catheter or arteriovenous fistula or graft). Our results are
international and multicenter (USA, Canada, and Saudi
Arabia); however, they may not be generalizable to other
jurisdictions. As this study was observational, there
remains the possibility of residual confounding.

Conclusions

Mortality among chronic dialysis patients with septic
shock was similar overall to that of non-dialysis patients.
However in chronic dialysis patients mortality varied over
time following ICU admission with improved early sur-
vival and comparable or worse survival thereafter.
Chronic dialysis patients with septic shock differ from
those of similarly admitted non-dialysis patients: they are
more likely to be younger, female, have more comor-
bidity, and to have a higher APACHE II score. Sepsis-
related differences in chronic dialysis include an
increased number of nosocomial infections, resistant
microorganisms, and longer delays in receiving appro-
priate antimicrobial therapy. Chronic dialysis-specific
protocols to prevent infection and shorten the delay in
initiation of therapy with the appropriate antimicrobials
could reduce mortality from septic shock in the chronic
dialysis patient population.
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