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Sepsis in hemodialysis patients
Gilbert Abou Dagher1, Elie Harmouche2, Elsy Jabbour1, Rana Bachir1, Dina Zebian1 and Ralphe Bou Chebl1*

Abstract
Background: Bacterial infections are very common in End Stage Renal Disease (ESRD) patients. The diagnosis of
sepsis in such patients is often challenging and requires a high index of suspicion. The aim of this study is to report
on a series of patient with ESRD on hemodialysis (HD) diagnosed with sepsis.
Methods: Single center retrospective study looking at ESRD on HD who presented to our tertiary hospital
were retrieved. Inclusion criteria included a discharge diagnosis of sepsis, septic shock or bacteremia.
Results: Our sample was composed of 41 females and 49 males, with a mean age of 70 ± 15 years. Infections
from the HD catheters followed by lower respiratory tract infections were the most common cause of bacteremia. IV
fluid replacement for the first 6 and 24 h were 0.58 and 1.27 l respectively. Vasopressors were used in 30 patients with
norepinephrine, dopamine and dobutamine used in 22, nine and one patients respectively. Out of 90 subjects, 24
(26.6 %) were dead within the same hospital visit. the 28 days out of hospital mortality was 25.6 %. There was no
significant difference in mortality in patients who presented with less than two SIRS or two or more SIRS criteria.
Conclusion: This is the first study looking at an in depth analysis of sepsis in the specific dialysis population and
examining the influence of fluid resuscitation, role of SIRS criteria and vasopressor use on their mortality.
Keywords: Sepsis, Dialysis, Bacterial, Mortality, Emergency management

Background
Sepsis ranks as the 10th leading cause of death in the
United States. Rivers et Al. showed that early identification of sepsis and implementation of Early Goal Directed
Therapy (EGDT) have been shown to improve outcomes and decrease mortality in patients with severe
sepsis and septic shock [1]. Consequently, hospitals
have implemented protocols and sepsis bundles in
order to decrease its associated mortality and morbidity
[2, 3]. Sepsis and bacterial infections are very common
in End Stage Renal Disease (ESRD) patients [4–6] and
following cardiovascular disease; infection is the second
leading cause of death in patients with ESRD [6, 7].
Emergency Physicians are often faced with the hypotensive,
weak ESRD patient presenting from dialysis and are usually
anchored on the diagnosis of hypovolemia. The diagnosis
of sepsis in such patients is often challenging and requires
a high index of suspicion. Most studies on sepsis, ranging
from the sensitivity of the systematic inflammatory response syndrome (SIRS) criteria [8] to lactate clearance [9]
* Correspondence: rb94@aub.edu.lb
1
Department of Emergency Medicine, American University of Beirut, Beirut,
Lebanon
Full list of author information is available at the end of the article

and optimal fluid therapy have looked at a general patient population. The aim of this study is to report on a
series of patients with ESRD on hemodialysis (HD) diagnosed with sepsis, and to determine whether initial
presentation, comorbidities, time to antibiotics or resuscitation, disposition affects hospital and 1 month
mortality.

Summary
The aim of this study is to report on a series of
hemodialysis patients admitted to the hospital with a
diagnosis of sepsis or septic shock. We looked at their
in hospital mortality, at the parameters of resuscitation
and at the value of the SIRS criteria. As such, this article
sheds light on a special subset of population and should
be of interest to nephrologists.
Methods
This was a retrospective study approved by our Institutional Review Board (IRB# ER.GA.03). Patients with a
known history of ESRD on HD presenting to the Emergency Department at a single university based institution within a 5-year period were retrieved. Patients
were included if the discharge diagnosis was sepsis,
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bacteremia or septic shock. Patients younger than 18 years
old, pregnant, presenting secondary to trauma or with
incomplete documentation were excluded. Age, gender, ethnicity, history of diabetes, hypertension, cardiac
disease, cerebrovascular accidents, dyslipidemia, immunosuppression, malignancy and presence of other comorbidities were obtained from subjects’ medical record. Patients’
presentation including temperature, heart rate, respiratory
rate, oxygen saturation, blood pressure and number of
SIRS criteria were collected at initial presentation to the
Emergency Department. Site of infection, causative microorganism and presence of bacteremia were retrieved as
well as complete blood count, electrolytes, lactate, cardiac
enzymes and arterial blood gas results and coagulation
profile results. Time to antibiotics and amount of fluid resuscitation within the first 6 and 24 h, duration and type
of vasopressors and steroids administration was noted.
Disposition from the emergency department (ED), length
of stay (LOS) in the ED, intensive care unit (ICU) or general practice unit (GPU) was calculated. Hospital mortality
was noted as well as 28-day mortality.

Statistical analyses
A two tailed sample t-test compared the difference in
mean age, LOS in ED, ICU or GPU, LOS in hospital,
time to and duration of vasopressors, antibiotics and
steroids, fluid replacement at 6 and 24 h, vital sings at
presentation and 6 h, electrolytes and blood work between deceased patients and non-deceased. Pearson’s
chi-squared test compared difference in distribution
of bacteremia, comorbidities, microbiology, disposition
from the ED, use of vasopressors or steroids, location
where antibiotics were started, number of SIRS criteria at presentation between deceased subjects and
non-deceased. Statistical analyses were performed using
SPSS Statistics for Windows Version 21.0. (Armonk, NY:
IBM Corp).
Results
Demographics

Our sample was composed of 41 females and 49 males,
with a mean age of 70 ± 15 years. Baseline characteristics
at presentation are listed in Table 1.
Management

Out of 90 patients, 39 were bacteremic. Infections from
the HD catheters followed by lower respiratory tract infections were the most common cause of bacteremia
(Table 1). Escherichia coli followed by staphylococcus coagulase negative were responsible for the majority of infections (Table 2).
IV fluid replacement for the first 6 and 24 h were 0.58
and 1.27 l respectively. Vasopressors and inotropes were
used in 30 patients with norepinephrine, dopamine and
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dobutamine used in 22, 9 and 1 patients respectively.
Mean time to vasopressors and duration of use were
8.41 ± 7 h and 5.86 ± 7.0 days respectively. Steroids were
used in 23 patients. In 78 patients, antibiotics were initiated in the ED, one in the ICU and 11 on the general
practice unit. Mean time to antibiotics administration
was 4.47 ± 7.6 h (Table 3).
Disposition

Mean length of stay in the ED, ICU and GPU was
0.58 ± 0.55, 8.88 ± 16.3 and 6.1 ± 5.2 days respectively.
24 out of 90 were admitted to the ICU unit prior to
being admitted to regular general floor. Out of 90 patients, 24 (26.6 %) died within the same hospital visit,
12 in the ICU and 12 on regular floor. There was no
death in the ED. Out of 65 discharged subjects; the
28 day out of hospital mortality was 25.6 % (Table 4).
In hospital mortality

Total in hospital mortality was 24 (26.7 %). The in hospital mortality of septic shock patients was 40 %. There
was no significant difference in mean age, gender distribution and comorbidities between the discharged and
deceased group. Deceased patients presented with a
higher mean heart rate (95.4 ± 25 versus 82.4 ± 15, p =
0.015), had a lower serum bicarbonate values (18.25 ± 5
versus 21.3 ± 3.5, p = 0.009) and had a significantly higher
fluid requirements within the first 24 h (2.05 ± 1.7 L versus
0.98 ± 0.98 L, p = 0.008). There was no significant difference in mortality in patients who presented with less than
two SIRS or two or more SIRS criteria. Thirty-three patients who were discharged had positive blood cultures
compared to 18 from the deceased group (p = 0.034) however there was no significant difference in microbiology
between the two groups (Table 5).
Deceased patients were more likely to be admitted to
the ICU compared to discharged patients (p = 0.003).
Patients who received norepinephrine, dopamine or
steroids had a significantly higher mortality than the
discharged subjects (p = 0.022, 0.004 and 0.008 respectively) (Table 5).

Discussion
Since Early Goal Directed Therapy (EGDT) by Rivers
et al. was published there has been a steady decrease in
sepsis related mortality [2, 3]. The rate of hospitalizations due to severe sepsis however has doubled during
the past decade with estimates indicating that approximately 750,000 persons are affected annually in the USA
[10]. Although much of the therapy for severe sepsis occurs in intensive care units (ICU), as many as 500,000
cases of severe sepsis are initially managed in emergency
departments (ED) annually, with an average ED length
of stay of 5 h [11–13].
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Table 1 Baseline characteristics of the patients
Age (yr)
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Table 1 Baseline characteristics of the patients (Continued)
69.6 ± 15

Sex (%)

Urine

11.1

Skin

11.1

Female

45.6

GI

8.9

Male

54.4

Gall Bladder

3.3

Brain

1.1

Heart

1.1

Bone

1.1

Chronic coexisting conditions (%)a
Hypertension

83.3

Diabetes

63.3

Coronary artery disease

45.6

Dyslipidemia

31.5

Congestive heart failure

34.5

Malignancy

11.1

Chronic Obstructive lung disease or emphysema

10

Neurologic disease

7.7

Liver disease

4.5

SIRS criteria at presentation (%)
More than 2

70

Less than 2

30

Vital signs upon presentation
Temperature (°C)

37.4 ± 1.1

Systolic Blood Pressure (mm Hg)

116 ± 31.7

Diastolic Blood Pressure (mm Hg)

61.1 ± 15.5

Mean Arterial Pressure (mm Hg)

80.0 ± 19.2

Heart Rate (beats/min)

86.2 ± 19.4

Respiratory Rate (respiration/min)

21.2 ± 5.6

Oxygen Saturation (%)

96.0 ± 5.0

Base line laboratory values
White-cell count (per mm3)

14 ± 7*10000

Hemoglobin

10.9 ± 1.97

Hematocrit

32.8 ± 6.1

Lactate (mmol/liter)

29 ± 4.1

Lactate ≥4 (%)

81.3

Lactate ≤4 (%)

18.8

Creatinine (mg/dl)

5.4 ± 2.3

Blood urea nitrogen (mg/dl)

51.5 ± 24.5

Total bilirubin (mg/dl)

0.54 ± 0.6

Partial pressure of carbon dioxide (mm Hg)

35.2 ± 16.1

pH arterial blood

7.38 ± 0.01

PaO2/FiO2

318.7 ± 141.6

Bacteremia
Yes
No

39
51

Site of Infection (%)
HD Catheter

26.7

Unknown

20.0

Lung

15.6

a

Values sum to more than 100 % because patients could have more than
one condition

Hemodialysis patients are at risk for infections.
Using the US Renal Data System, Powe et al. aimed
to look at the incidence of infections in dialysis patients and found that during 7 years of follow-up,
11.7 % of all hemodialysis patients and 9.4 % of peritoneal dialysis patients had at least one episode of
septicemia [14]. To the best of our knowledge, there
is one study that looked at sepsis related mortality in
ESRD patients. Sarnak and Jaber examined dialysis
patients death registry and compared sepsis related
mortality to that of the general population and found
that sepsis mortality was 100- to 300-times higher for
chronic dialysis patients than the general public [6].
Hypothesized reasons for this association include increased susceptibility to infection, the presence of comorbidities such as diabetes, and repetitive exposure
to pathogens during hemodialysis [15]. Our study is
unique in that it is one of the fewest studies to look
at sepsis solely in ESRD patients. We tried to look at
the in hospital mortality of sepsis in ESRD, and also
tried to look at the diagnostic value of SIRS and
Table 2 Causative microorganisms
Microbiology (N, %)
E. coli

22 (24.4 %)

Staphylococcus coagulase negative

20 (22.2 %)

Klebsiella pneumonia

7 (7.8 %)

Pseudomonas aeruginosa

7 (7.8 %)

Enterococcus species

6 (6.7 %)

Staphylococcus aureus

5 (5.6 %)

Candida species

5 (5.5 %)

Proteus mirabilis

4 (4.4 %)

Serratia species

3 (3.3 %)

Acinetobacter baumani

2 (2.2 %)

Bacteroid fragilis

2 (2.2 %)

Enterobacter cloacae

2 (2.2 %)

Others

6 (6.6 %)

Clostridium species, Listeria monocytogenes, Diphteroid species,
Morganella morganii, Brucella species, Providencia alcaligenese
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Table 3 Patient management characteristics
Number

Mean ± SD

Range

Length of Stay in EDa (Hours)

90

14.05 ± 13.188

2.00–87.75

Length of stay in ICUa (Days)

24

8.88 ± 16.346

0.04–81.00

Length of stay in GPUa (Days)

66

6.06 ± 5.179

0.13–32.88

Length of stay in the Hospital (days)

90

9.20 ± 9.981

1.04–81.08

Time to vasopressors in the first 24 h (hours)

13

8.41 ± 7.026

1.13–23.16

Time to Levophed (hours)

22

62.56 ± 85.096

1.13–315.00

Vasopressors therapy duration (days) for those who took vasopressors in the first 24 h

13

5.68 ± 6.989

0.33–22.50

Steroid Therapy duration (days)

23

14.70 ± 20.863

1.00–85.00

Time to Antibiotics treatment initiation (Hours)

89

4.47 ± 7.605

0.17–55.50

Intravenous fluids requirement first 6 h (Liters)

90

0.58 ± 0.827

0.01–5.00

Intravenous fluids requirement first 24 h (Liters)

90

1.27 ± 1.306

0.20–6.67

a

ED Emergency Department, ICU Intensive Care Unit, GPU General Practice Unit

lactate in this subset of population. Similar to previous
studies the most common source of infection arises from
indwelling catheters followed by lower respiratory tract infections [14]. The most common organism causing sepsis
was the gram negative Escherichia Coli followed by the
skin colonizer Staphylococcus Epidermidis (Table 2).
The in hospital mortality for ESRD patients in septic
shock remains at a staggering 40 %. Septic shock is one
the leaders in mortality nowadays but with implementation of EGDT and early recognition and treatment, we
have seen an improvement in septic shock mortality
[16]. The mortality from septic shock was found to be
as high as 46 % in the original EGDT control group but
the implementation of protocols aiming at early identification and aggressive care has lead to an improved
survival and presently the mortality from septic shock
ranges between 20 and 30 [1, 16, 17]. Recent research
has shown that the most important and cornerstone of
sepsis therapy is early recognition, aggressive fluid hydration and early antibiotics [18, 19].
The out of hospital 28-day mortality of any ESRD
patient admitted for sepsis remains at 25 %. ESRD
patients are predisposed to infections because of the
presence of invasive lines but are also unable to fight

invading organisms because of impaired phagocytic function [20]. This raises the issue that even after they
complete their course of antibiotics, they are still at a very
high risk of death and need very close monitoring in the
post discharge period.
Fluid resuscitation is the cornerstone of sepsis management [1, 18, 19]. The surviving sepsis campaign
recommends a 30 cc/kg bolus in the first 3 h of resuscitation [16]. Further fluid therapy is guided by invasive hemodynamic monitoring such as the central
venous pressure. Dialysis patients often have a complex presentation to the ED, while they appear fluid
overloaded on examination; they often are hypotensive
from being intravascularly depleted. Clinicians are often
anxious to aggressively hydrate dialysis patients in efforts

Table 4 Disposition of septic ESRD patients
Number

Percent

ICUa

24

26.7 %

GPUa

66

73.3 %

Hospital Mortality

24

26.7 %

Discharge Home

66

73.3 %

Admission

Mortality 28 days

a

Table 5 Effect of treatment variables on ESRD patient mortality

23

25.6 %

Unknown

4

4.4 %

iCU Intensive Care Unit, GPU General Practice Unit

Mortality (Yes)

N

N

%

p-value

%

Levophed

12

54.5 %

10

45.5 %

0.022

Dopamine

3

33.3 %

6

66.7 %

0.004

Steroids use

12

52.2 %

11

47.8 %

0.008

Antibiotics Initiated in EDa

55

71.4 %

22

28.6 %

0.320

Antibiotics Initiated in ICUa

0

0%

1

100 %

0.015

Antibiotics Initiated in GPUa

10

90.9 %

1

9.1 %

0.140

0 or 1

20

74.1 %

7

25.9 %

0.917

≥2

46

73.0 %

17

27.0 %

No

33

64.7 %

18

35.3 %

Yes

33

84.6 %

6

15.4 %

SIRSa

Bacteremia

a

Yes

Mortality (No)

0.034

ICU Admission

12

50.0 %

12

50.0 %

0.003

GPUa Admission

54

81.8 %

12

18.2 %

0.003

a
ED Emergency Department, ICU Intensive Care Unit, GPU General Practice
unit, SIRS Systemic Inflammatory Response Syndrome
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to avoid exacerbating their volume status. Such as demonstrated by our study, our ESRD patients were severely under resuscitated and there was a delay in
antibiotic initiation, two elements that might have contributed to the elevated mortality. There is a shifting
paradigm in the treatment of sepsis currently, notably
moving away from invasive monitoring and focusing on
early aggressive hydration and antibiotics. We believe
that this also applies to ESRD patients, and emphasis
should be on these two points with intubation indicated
if there is an exacerbation of their volume status or respiratory distress arises. Excess fluid can always be removed by dialysis once the sepsis and bacteremia episodes
are resolved.
The SIRS criteria were proposed as a screening
method to rapidly flag possible septic patients, as sepsis is defined as having two or more SIRS criteria in
the setting of a presumed or documented infection.
Even though they were sensitive, SIRS criteria were
not specific and did not correlate with mortality [8].
Owing to the fact that our study was a retrospective
one, we selected patients based on their discharge
diagnosis and wanted to look at the value of the SIRS
criteria at presentation. It is interesting that in our
study, patient who presented with less than two SIRS
criteria had the same mortality as patients having two
or more criteria. Emergency physicians should therefore be aware of this and should maintain a high level
of suspicion when caring for ESRD patients as sepsis
can present with normal vital signs.
This is a retrospective study done in a single emergency department and as such our study has many limitations. Some of the patients did not have repeat vitals
at 6 h, and lactate wasn’t drawn on all patients as our
institution began measuring lactate on septic patients
fairly recently. As such, the sample size was small and
there was no control group to compare mortality and
outcomes with.

Conclusion
This is a pilot study and the aim was to look at an in
depth analysis of sepsis in the specific dialysis population
and examining the influence of fluid resuscitation, role
of SIRS criteria and vasopressor use on their mortality.
Hopefully, it will stimulate further prospective research
trials focusing on sepsis in the ESRD population.
Ethics committee

Manuscript was approved by the American University of
Beirut Institutional Review Board Committee.
Abbreviations
ED: Emergency department; ICU: Intensive care unit; GPU: General practice
unit; SIRS: Systemic inflammatory response syndrome; EGDT: Early goal
directed therapy; ESRD: End Stage Renal Disease (ESRD); HD: Hemodialysis.

Page 5 of 6

Competing interests
Authors have no conflicts of interest to disclose.

Authors’ contributions
GAD, RBC, EH have made substantial contributions to conception and design
of the study. EH, EJ, RB, DZ acquisition of data, analysis and interpretation of
data. GAD, RBC, EJ, EH have been involved in drafting the manuscript. GAD,
RBC revising manuscript critically for important intellectual content. All authors
read and approved the final manuscript.

Acknowledgment
The authors have no source of funding to disclose.
Author details
1
Department of Emergency Medicine, American University of Beirut, Beirut,
Lebanon. 2Department of Emergency Medicine, Henry Ford Hospital, Detroit,
Michigan, USA.
Received: 15 February 2015 Accepted: 7 October 2015

References
1. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et al. Early goaldirected therapy collaborative: Early goal-directed therapy in the treatment of
severe sepsis and septic shock. N Engl J Med. 2001;345:1368–77.
2. Barochia AV, Cui X, Vitberg D, Suffredini AF, O’Grady NP, Banks SM, et al.
Bundled care for septic shock: An analysis of clinical trials. Crit Care Med.
2010;38:668–78.
3. Jones AE, Focht A, Horton JM, Kline JA. Prospective external validation
of the clinical effectiveness of an emergency department-based early
goal-directed therapy protocol for severe sepsis and septic shock.
Chest. 2007;132:425–32.
4. Hoen B, Paul-Dauphin A, Hestin D, Kessler M. Epibacdial: A multicenter
prospective study of risk factors for bacteremia in chronic hemodialysis
patients. J Am Soc Nephrol. 1998;9:869–76.
5. Keane WF, Shapiro FL, Raij L. Incidence and type of infections occurring in
445 chronic hemodialysis patients. Transactions. 1977;23:41–7.
6. Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients with end-stage
renal disease compared with the general population. Kidney Int.
2000;58:1758–64.
7. Collins AJ, Foley RN, Chavers B, Gilbertson D, Herzog C, Ishani A, et al. Us
renal data system 2013 annual data report. Am J Kidney Dis. 2014;63:A7.
8. Jaimes F, Garces J, Cuervo J, Ramirez F, Ramirez J, Vargas A, et al. The
systemic inflammatory response syndrome (sirs) to identify infected
patients in the emergency room. Intensive Care Med. 2003;29:1368–71.
9. Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin A, Ressler J, et al.
Early lactate clearance is associated with improved outcome in severe
sepsis and septic shock. Crit Care Med. 2004;32:1637–42.
10. Gaieski DF, Edwards JM, Kallan MJ, Carr BG. Benchmarking the incidence
and mortality of severe sepsis in the United States. Crit Care Med.
2013;41:1167–74.
11. Wang HE, Shapiro NI, Angus DC, Yealy DM. National estimates of severe
sepsis in United States emergency departments. Crit Care Med.
2007;35:1928–36.
12. Puskarich MA, Marchick MR, Kline JA, Steuerwald MT, Jones AE. One year
mortality of patients treated with an emergency department based early
goal directed therapy protocol for severe sepsis and septic shock: A before
and after study. Crit Care. 2009;13:R167.
13. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR.
Epidemiology of severe sepsis in the united states: Analysis of incidence,
outcome, and associated costs of care. Crit Care Med. 2001;29:1303–10.
14. Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia in dialysis
patients: Incidence, risk factors, and prognosis. Kidney Int. 1999;55:1081–90.
15. Wang HE, Gamboa C, Warnock DG, Muntner P. Chronic kidney disease and
risk of death from infection. Am J Nephrol. 2011;34:330–6.
16. Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, Marshall JC, Bion J,
et al. The surviving sepsis campaign: Results of an international guideline-based
performance improvement program targeting severe sepsis. Crit Care Med.
2010;38:367–74.

Abou Dagher et al. BMC Emergency Medicine (2015) 15:30

Page 6 of 6

17. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality related to
severe sepsis and septic shock among critically ill patients in australia and
new zealand, 2000–2012. Jama. 2014;311:1308–16.
18. Pro CI, Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, et al. A
randomized trial of protocol-based care for early septic shock. N Engl J Med.
2014;370:1683–93.
19. A. I. The and A. C. T. G. the: Goal-directed resuscitation for patients with
early septic shock. N Engl J Med. 2014 Oct 16;371(16):1496-506.
20. Vanholder R, Ringoir S. Polymorphonuclear cell function and infection in
dialysis. Kidney Int supp. 1992;38:S91–95.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

