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Abstract
Background: Infectious disease is the second most common cause of death in patients receiving hemodialysis
(HD). When presenting to the emergency department (ED) with fever, it remains a diagnostic challenge to
distinguish patients with potentially life-threatening bacterial infections from those with less significant causes of
fever. The primary goal of this study was to determine the rate of bacteremia in HD patients presenting to the ED
with fever. The secondary goal of this study was to identify any independent risk factors associated with bacteremia
in the febrile HD patient.
Methods: This is a retrospective medical record review of all HD patients who presented to the ED with either
subjective fever as primary complaint or with a documented triage temperature of 38 °C or higher during the
3-year period between September 1, 2014, and September 1, 2017. Patient visits were included in the study if blood
cultures were ordered in the ED. Data related to demographic information, clinical parameters, diagnostic test
results in the ER, final diagnosis, and results of microbiology cultures were collected from each patient encounter.
Univariate analysis was performed to identify risk factors associated with bacteremia.
Results: We identified 353 patient visits from 138 unique patients that met inclusion criteria. Fifty-eight percent of these
were women, and the average age was 54.6 years. The rate of bacteremia was 31.7%, and the main microorganisms
isolated in blood culture were non-MRSA Staphylococcus aureus (40.7%), MRSA (13.3%), Pseudomonas aeruginosa (11.5%),
and Enterobacter spp. (11.5%). Independent prognostic factors associated with bacteremia were use of dialysis catheter,
prior history of bacteremia, and > 5% neutrophilic band cells (OR 6.55 [95% CI 3.96–10.8; p < 0.0001]; OR 8.87
[95% CI 5.32–14.8; p < 0.0001]; OR 3.32 [95% CI 1.90–5.80; p < 0.0001] respectively).
Conclusion: HD patients presenting to the ED with fever have high rates of bacteremia, with a significantly
higher rate in patients using dialysis catheters or those with a history of bacteremia. Other clinical data
available in the ED is minimally useful in predicting bacteremia.
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Background
Infection is the second most common cause of death in
patients dependent on hemodialysis (HD) [1–4]. Fever is
a common presenting symptom of infectious disease,
and differentiating HD patients with simple febrile illness from those with potentially life-threatening bacterial infections continues to be a diagnostic challenge [5].
HD patients visit the emergency department (ED) about
six times more often than their age-matched counterparts, and the second most common reason for admission to the hospital is septicemia [6, 7].
Micronesians have particularly high rates of hypertension, diabetes, and renal disease compared to other Asian
and Caucasian ethnic groups, and a disproportionate burden of kidney failure requiring hemodialysis [8, 9]. The
ED in our hospital sees a relatively high number of HD
patients presenting with infectious symptoms.
While the burden of initially identifying patients with
septicemia often falls on the ED provider, the studies
that have been done to evaluate risk factors for potentially life-threatening bacterial disease have been largely
retrospective studies from already-confirmed cases of
bacteremia [10–16].
The aim of this study was to determine the rate of
bacteremia in HD the patient presenting to the ED with
fever and to identify independent risk factors for
bacteremia in this cohort.

active clinical staff in the ED where the patients were
enrolled, and familiar with the electronic medical record
(Resource and Patient Management System, Electronic
Health Record. Rockville, MD.). The data points collected were as follows: date of ED visit, sex, age, race,
HD access, HD frequency, comorbidities (diabetes mellitus, hypertension, coronary artery disease), initial vitals
in the ED (temperature, heart rate, blood pressure, oxygen saturation by pulse oximetry, respiratory rate), laboratory data (white blood cell count, %neutrophils,
%neutrophil bands, C02, urinalysis, rapid flu), radiology
data (ED provider interpretation of chest radiograph),
microbiology data (results from blood cultures, wound
cultures, and urine cultures), and clinical assessment
data (ED provider diagnosis, disposition from ED, internal medicine discharge diagnosis, ICU stay, 7-day
mortality, and 28-day mortality). A random sampling of
10% of all charts was reviewed by the principal investigator to ensure accuracy and internal consistency between
co-investigators.

Methods
Study design

Commonwealth Healthcare Corporation Hospital
(CHCC) is the only hospital serving the island of Saipan,
a US commonwealth with a population of about 50,000.
The emergency department sees an average yearly volume of approximately 18,000 patient visits. We conducted a retrospective chart review in a cohort of
dialysis-dependent patients presenting to the ED with
fever from the 3-year period between September 2014
and September 2017.
Eligibility criteria

Eligible subjects were patients with a history of
end-stage renal disease (ESRD) dependent on dialysis
who presented to the ED with either a complaint of
fever or a fever documented upon triage of 38 °C or
higher, with blood cultures drawn in the ER. We excluded patients on peritoneal dialysis, patients with no
blood cultures drawn, incarcerated patients, and patients
less than 18 years of age.
Data collection

For each included patient, one of the three authors
reviewed the medical chart and recorded clinical data in
a Microsoft Excel spreadsheet. The reviewers were all

Microbiologic evaluation

Blood cultures were collected upon presentation to the
ED, and isolates obtained from standard bacterial blood
culture automated detection system (BD Bactec™ 9120,
Becton Dickinson, Franklin Lakes, NJ, USA) and microbial identification and antibiotic susceptibility testing
system (Vitek® 2 Automated ID/AST instrument, bioMérieux, Marcy l’Etoile, France) were identified and reported by clinical microbiology staff at CHCC. Per
hospital policy, two aerobic blood culture samples were
processed for each patient.

Study definitions

Bacteremia was defined as bacterial growth detected by
blood culture testing that was determined to be an etiologic pathogen (non-contaminant) by clinical hospital
staff. Similarly, urinalysis results were defined as positive
for urinary tract infection as determined by ED provider
interpreting the initial result of the urinalysis. Definition
of pneumonia on chest radiograph was defined as an interpretation of pneumonia as determined by ED clinician
interpreting the study at the time of the ED visit. Because some patients had more than two types of vascular
access (e.g., permanent vascular catheter as fistula or
graft was maturing), vascular access was categorized by
hierarchy of perceived risk for bacteremia: dialysis catheter > arteriovenous graft (AVG) > native arteriovenous
fistula (AVF). A patient was considered to have a “history of bacteremia” for any diagnosis of bacteremia documented in the medical record after initiation of HD,
even if this occurred before the 3-year study period.
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Primary outcome

The primary outcome of the study was bacteremia confirmed by microbiologic testing in patients initially presenting to the ED with fever.
Statistical analysis

Categorical data was presented based on absolute and relative frequencies and numeric variables presented based on
their mean and standard deviation where applicable.
For comparison of risk factors associated with
bacteremia, non-parametric data were analyzed using
Taylor Series risk ratio tests. The level of significance for
the test was two-sided, with α < 0.05.

Results
Over the 3-year study period, 269 unique HD patients
made a total of 3424 visits to the ED. This corresponded
to 2.6 visits/patient or 0.87 visits/patient/year. Of these
visits, 358 (10.5%) were for complaint of fever and 353
(10.3%) prompted a septic workup that were ultimately
included in the study. Over the study interval, 51.3% of
all known HD patients in our community had one or
more visits to the ER for fever.
The 353 visits included in the study were made by 138
unique HD-dependent patients. Average patient age was
54.6 years (SD 12.7 years), and more than half of patient
visits were made by women (60.6%). The great majority of
patients were ethnically Chamorro (66.9%), and the remainder was other Pacific Islander (18.1%) and Filipino
(9.6%). 43.3% were being dialyzed using permanent tunneled catheter, 39.1% native AVF, and 17.6% AVG. 67.4%
of patients were admitted to the hospital, 31.2% were discharged from the ED, and 1.4% left against medical advice.
Total 7-day mortality was 2.8%, and 28-day mortality was
5.4%. In patients with confirmed bacteremia, 7-day mortality was 3.6%, and 28-day mortality 9.8%.
There was a high percentage of comorbidities, with
diabetes mellitus (79.0%), hypertension (92.1%), and coronary artery disease (60.6%). Major causes of fever were
found to be pneumonia, urinary tract infection, dialysis
catheter infection, and skin and soft tissue infection
(Table 1).
Outcome

The rate of bacteremia in HD patients presenting to the
ED was 31.7%. Gram-positive organisms accounted for
61% of positive blood cultures, with a predominance of
MSSA (36.3%%) followed by MRSA (13.3%). In the
Gram-negative bacteremia group, major pathogens included Enterobacter (11.5%), Pseudomonas (11.5%),
Escherichia coli (3.5%), and Klebsiella (3.5%) species
(Table 2).
By univariate analysis, the factors most strongly associated with bacteremia were hemodialysis catheter use (RR
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Table 1 Baseline characteristics of hemodialysis patients
presenting to the ED with fever
n

(%)

Total

353

100.0

Sex (F)

214

60.6

Age

54.6

12.7

Chamorro

236

66.9

Carolinian

25

7.1

Race

Filipino

34

9.6

Pohnapean

10

2.8

Palauan

17

4.8

Chuukese

29

8.2

Taiwanese

2

0.6

Admit

238

67.4

Discharge

110

31.2

5

1.4

Cath

153

43.3

AVF

138

39.1

AVG

62

17.6

HTN

325

92.1

DM

279

79.0

CAD

214

60.6

Pulmonary

91

25.8

Urine

63

17.8

HD catheter

61

17.3

SSTb

59

16.7

Viral

38

10.8

FUO

33

9.3

Abdomen

4

1.1

Bone

4

1.1

Disposition

a

AMA
Access

Risk Factors

Source of Fever

a

Left against medical advice
b
Skin and soft tissue infection

3.57 (2.49–5.13)), history of bacteremia (RR 3.87 (2.82–
5.33)), and bandemia ≥ 5% (RR 2.05 (1.53–2.75)) (Fig. 1).

Discussion
Compared to the general population, hemodialysis patients have higher rates of bacteremia and associated
mortality [17, 18]. Previous work studying this population has relied largely on confirmed cases of bacteremia,
but the authors of this study are not aware of any
ED-based studies concerned with the evaluation of the
yet undifferentiated HD patient in whom bacteremia is
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Table 2 Blood culture isolates from confirmed cases of
bacteremia
Gram-positive bacteria

n

(%)

69

61.1

S. aureus
nMRSA
MRSA
Other Staph spp. a
Enterococcus spp.
Streptococcus

b

c

Bacillis spp.
Gram-negative bacteria

41

36.3

15

13.3

5

4.4

4

3.5

3

2.7

1

0.9

44

38.9

13

11.5

Enterobacter spp. d

13

11.5

E. Coli

4

3.5

P. Aeruginosa

K. pneumoniae

4

3.5

Providencia stuartii

4

3.5

6

5.3

Other Gram-negativese
Total number of isolates

113

a

Capitis, auricularis, lungdensis, epidermitis, cohnii
Faecium, faecalis
c
Group A Strep
d
Cloacae, aerogenes, absuriae
e
Strenotrophamonas maltophilia, Aeromonas hydrophilia, P. Mirabilis, C. Koseri
b

only suspected. The primary goal of this study was to
evaluate the rate of bacteremia in the HD patient presenting to the ED with fever, in the hopes of developing
a more clinically useful framework for clinicians managing initial presentation in the ED and other outpatient
settings.

Fig. 1 Relative risk for bacteremia
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The incidence of bacteremia in the HD patients in our
population was found to be similar to that of previous
studies [19, 20]. Compared to other hemodialysis patients in Asia, Europe, and the USA, our patients had a
higher percentage of comorbidities (DM, HTN, CAD), a
higher rate of dialysis catheter use, and were younger on
average [21–25]. Mortality from sepsis in bacteremic patients in our study was similar to previous studies, with
7-day mortality of 3.6% and 28-day mortality of 9.8%
[16]. Consistent with other studies, the predominant
sources of bacteremia were found to be infections of the
hemodialysis catheter, lungs, urinary tract, and skin and
soft tissue. Gram-positive organisms accounted for the
majority of organisms identified in blood culture
(61%)—predominantly Staphylococcus aureus—but unlike prior studies, methicillin-sensitive S. aureus was
more common than MRSA [26–30].
History of bacteremia and presence of a hemodialysis
catheter were found to be the most significant risk factors for bacteremia in HD patients presenting with fever.
In our study, more than half (53.6%) of the patients with
a catheter presenting with a fever were ultimately found
to be bacteremic, and the majority of the bacteremic
cases were found to be caused by catheter infections.
The risk of infection with hemodialysis catheter has been
well documented, and this result is consistent with prior
studies [31, 32]. For non-catheter HD patients, the rate
of bacteremia was significantly lower (15.0%), and pulmonary and skin and soft tissue sources accounted for
the majority of cases of bacteremia. While bandemia
greater than 5% had some correlation with bacteremia
(RR 2.05 (1.53–2.75)), ultimately, the other diagnostics
generally available at first presentation (documented
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temperature, white blood cell count, neutrophilia) were
of minimal significant clinical value as risk factors in
predicting bacteremia.
This study has several limitations. This is a retrospective
study, from a single center, with a study population that
may be difficult to generalize to other clinical settings.
Also, only aerobic blood cultures were drawn in this study,
so bacteremia caused by obligate anaerobes would have
been missed in our data set, though these infections are
thought to be relatively infrequent [33]. Finally, there was
some data not available for all patients, and it is possible
that this introduced some bias into our analysis.

Conclusion
Hemodialysis patients carry a high burden of infectious
disease, a high mortality with serious infections, and it remains challenging to predict which patients presenting to
the ED with fever are bacteremic. In this study, we found
that previous history of bacteremia and presence of a
hemodialysis catheter were strong risk factors for the presence of bacteremia. We also found that leukocytosis, documented fever, and neutrophilia offered little predictive
value in identifying patients with bacteremia.
Abbreviations
AVF: Arteriovenous fistula; AVG: Arteriovenous graft; CAD: Coronary artery
disease; CHCC: Commonwealth Healthcare Corporation Hospital;
DM: Diabetes mellitus; ED: Emergency department; ESRD: End-stage renal
disease; HD: Hemodialysis; HTN: Hypertension; MRSA: Methicillin-resistant
Staphylococcus aureus; MSSA: Methicillin-sensitive Staphylococcus aureus
Funding
This study was self-funded by the principal investigator. There were no other
sources of funding.
Availability of data and materials
Please contact the author for data requests.
Authors’ contributions
NV conceived the study, participated in its initial design, acquired and
interpreted the data, and conducted the statistical analysis. NF participated
in the design of the study, contributed to the acquisition and interpretation
of data, and editing of the final manuscript. KF participated in the design of
the study, contributed to the acquisition and interpretation of data, and
editing of the final manuscript. All authors revised and approved the final
manuscript.
Ethics approval and consent to participate
Because our institution has no internal institutional review board, we gained
approval for this retrospective chart review from Western IRB (Puyallup, WA)
protocol number 2016000.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 5 of 6

Received: 2 March 2018 Accepted: 15 May 2018

References
1. Lafrance JP, Rahme E, Lelorier J, Iqbal S. Vascular access-related infections:
definitions, incidence rates, and risk factors. Am J Kidney Dis. 2008;52(5):
982–93. Epub 2008 Aug 29
2. Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients with endstage renal disease compared with the general population. Kidney Int.
2000;58(4):1758–64.
3. Ponce P, Cruz J, Ferreira A, Oliveira C, Vinhas J, Silva G, Pina E. A prospective
study on incidence of bacterial infections in Portuguese dialysis units.
Nephron Clin Pract. 2007;107(4):c133–8. Epub 2007 Oct 22
4. O’Seaghdha CM, Foley RN. Septicemia, access, cardiovascular disease, and
death in dialysis patients. Perit Dial Int. 2005;25:534.
5. Evers J. Approach to fever in dialysis patients. Nephron. 1995;69(1):110.
6. Harel Z, Wald R, McArthur E, et al. Rehospitalizations and emergency
department visits after hospital discharge in patients receiving maintenance
hemodialysis. J Am Soc Nephrol. 2015;26(12):3141–50. https://doi.org/10.
1681/ASN.2014060614.
7. Lovasik BP, Zhang R, Hockenberry JM, et al. Emergency department use and
hospital admissions among patients with end-stage renal disease in the
United States. JAMA Intern Med. 2016;22 https://doi.org/10.1001/
jamainternmed.2016.4975. Published online August
8. Ichiho HM, Robles B, Aitaoto N. An assessment of non-communicable
diseases, diabetes, and related risk factors in the commonwealth of the
Northern Mariana Islands: a systems perspective. Hawai’i J Med Public
Health. 2013;72(5 Suppl 1):19–29.
9. Hagiwara MKI, Miyamura J, Yamada S, Sentell T. Younger and sicker:
comparing micronesians to other ethnicities in Hawaii. Am J Public Health.
2016;106(3):485–91. https://doi.org/10.2105/AJPH.2015.302921.
10. Dagher GA, Harmouche E, Jabbour E, Bachir R, Zebian D, Chebl RB. Sepsis in
hemodialysis patients. BMC Emergency Medicine. 2015;15:30. https://doi.
org/10.1186/s12873-015-0057-y.
11. Fysaraki M, Samonis G, Valachis A, et al. Incidence, clinical,
microbiological features and outcome of bloodstream infections in
patients undergoing hemodialysis. Int J Med Sci. 2013;10(12):1632–8.
https://doi.org/10.7150/ijms.6710.
12. Suzuki M, Satoh N, Nakamura M, Horita S, Seki G, Moriya K. Bacteremia in
hemodialysis patients. World J Nephrol. 2016;5(6):489–96. https://doi.org/10.
5527/wjn.v5.i6.489.
13. Dalrymple LS, Mu Y, Nguyen DV, Romano PS, Chertow GM, Grimes B,
Kaysen GA, Johansen KL. Risk factors for infection-related hospitalization in
in-center hemodialysis. Clin J Am Soc Nephrol. 2015;10(12):2170–80.
14. Dalrymple LS, Johansen KL, Chertow GM, Cheng SC, Grimes B, Gold EB,
Kaysen GA. Infection-related hospitalizations in older patients with ESRD.
Am J Kidney Dis. 2010;56:522–30.
15. Dalrymple LS, Mu Y, Romano PS, Nguyen DV, Chertow GM, Delgado C,
Grimes B, Kaysen GA, Johansen KL. Outcomes of infection-related
hospitalization in Medicare beneficiaries receiving in-center hemodialysis.
Am J Kidney Dis. 2015;65:754–62.
16. Skov Dalgaard L, Nørgaard M, Jespersen B, Jensen-Fangel S, Østergaard LJ,
Schønheyder HC, et al. Risk and prognosis of bloodstream infections among
patients on chronic hemodialysis: a population-based cohort study. PLoS
One. 2015;10(4):e0124547. https://doi.org/10.1371/journal.pone.0124547.
17. Wakasugi M, Kawamura K, Yamamoto S, Kazama JJ, Narita I. High mortality
rate of infectious diseases in dialysis patients: a comparison with the
general population in Japan. Ther Apher Dial. 2012;16:226–31.
18. Goodkin DA, Bragg-Gresham JL, Koenig KG, et al. Association of comorbid
conditions and mortality in hemodialysis patients in Europe, Japan, and the
United States: the Dialysis outcomes and practice patterns study (DOPPS). J
Am Soc Nephrol. 2004;14:3270–7.
19. Powe NR, Jaar B, Furth SL. Septicaemia in dialysis patients: incidence, risk
factors, and prognosis. Kidney Int. 1999;55:1081–90.
20. Churchill DN, Taylor DW, Cook RJ, et al. Canadian hemodialysis morbidity
study. Am J Kidney Dis. 1992;19:214–34.
21. U.S. Renal Data System, USRDS 2013 Annual Data Report: Atlas of End-Stage
Renal Disease in the United States, National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, 2014.
22. Heaf J. Current trends in European renal epidemiology. Clin Kidney J. 2017;
10(2):149–53. https://doi.org/10.1093/ckj/sfw150.

Villalon et al. International Journal of Emergency Medicine (2018) 11:29

23. Lee G. End-stage renal disease in the Asian-Pacific region. Semin Nephrol.
2003;23:107–14.
24. Jones CA, Krolewski AS, Rogus J, et al. Epidemic of end-stage renal disease
in people with diabetes in the United States population: do we know the
cause? Kidney Int. 2005;67:1684–91.
25. Liu FX, Rutherford P, Smoyer-Tomic K, et al. A global overview of renal
registries: a systematic review. BMC Nephrol. 2015;16:31.
26. Loo LW, Liew YX, Choong HL, Tan AL, Chlebicki P. Microbiology and audit
of vascular access-associated bloodstream infections in multi-ethnic Asian
hemodialysis patients in a tertiary hospital. Infect Dis (Lond). 2015;47:225–30.
27. Alfandari S, Cabaret P, Nguyen S, Descamps D, Vachée A, Cattoen C, Van
Grunderbeeck N. Evaluating the management of 493 patients presenting with
bacteremia in 23 northern French hospitals. Med Mal Infect. 2016;46:194–9.
28. Fram D, Okuno MF, Taminato M, Ponzio V, Manfredi SR, Grothe C, Belasco A,
Sesso R, Barbosa D. Risk factors for bloodstream infection in patients at a
Brazilian hemodialysis center: a case-control study. BMC Infect Dis. 2015;15:158.
29. Aslam S, Vaida F, Ritter M, Mehta RL. Systematic review and meta-analysis
on management of hemodialysis catheter-related bacteremia. J Am Soc
Nephrol. 2014;25:2927–41.
30. Gales AC, Sader HS, Ribeiro J, Zoccoli C, Barth A, Pignatari AC. Antimicrobial
susceptibility of gram-positive bacteria isolated in Brazilian hospitals participating
in the SENTRY Program (2005-2008). Braz J Infect Dis. 2009;13:90–8.
31. Hoen B, Paul-Dauphin A, Hestin D, Epibacdial KM. A multicenter prospective
study of risk factors for bacteremia in chronic hemodialysis patients. J Am
Soc Nephrol. 1998;9:869–76.
32. Gulati S, Sahu KM, Avula S, Sharma RK, Ayyagiri A, Pandey CM. Role of
vascular access as a risk factor for infections in hemodialysis. Ren Fail. 2003;
25(6):967–73.
33. Ngo JT, Parkins MD, Gregson DB, Pitout JD, Ross T, Church DL, Laupland KB.
Population-based assessment of the incidence, risk factors, and outcomes of
anaerobic bloodstream infections. Infection. 2013;41:41–8.

Page 6 of 6

