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ABSTRACT

Background: Bacterial infections pose a great challenge to
risk management activities in the area of chronic
haemodialysis, as vascular access related infections are the
main cause of mortality among these patients. Methods:
Prospective surveillance study lasting 7 months (March-
September, 2008) at the two haemodialysis units in a
district health area in Gran Canaria, Spain. We have used
methodology proposed by CDC’s Dialysis Surveillance
Network. Results: 1545 patients-month were enrolled,
60,5% having an arterio-venous fistula (AVF), 35,5%
permanent catheter (PC), 3,0% graft and 1,0% temporary
catheters. Events incidence rate at both centers was 8,6
cases per 100 patients-month, 9,1 rate for FAV and 2,9
rates for CP, So, the greatest incidence of vascular access
related infections was for permanent catheter as
compared with AFV. Nevertheless the other type of
infections (respiratory, urinary tract, skin and chronic
ulcers) showed a similar rate. Microbiological cultures
before antibiotic treatment were performed in 82,2 %,
but increased up to 91,0% when a vascular related
infection was suspected. Empiric treatment was adjusted
to antibiogram results in 90,0% of occasions. A low
incidence of multirresistant microbes was seen. Gram-
positive and gram-negative bacteria appeared in a similar
proportion. Conclusions: Vascular access is the main risk
factor for infectious events. Epidemiological surveillance
has allowed us to detect areas of improvement in
different settings, appearing as a key element in the risk
management and patient safety areas.
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Vigilancia de infecciones y otros eventos adversos en
pacientes en dialisis en el area sur de Gran Canaria

RESUMEN

Introduccion: Las infecciones bacterianas representan un
gran desafio en las estrategias de gestion del riesgo, pre-
vencion y seqguridad del paciente en hemodialisis de las cua-
les las infecciones del acceso vascular (AV) representan la
primera causa morbi-mortalidad en estos pacientes. Méto-
dos: Estudio prospectivo de incidencia de eventos adversos
e infecciones de 7 meses (marzo-septiembre 2008) en las
unidades de Hemodialisis del Area sanitaria Sur de Gran Ca-
naria (Hospital y Centro periférico) utilizando la metodolo-
gia del Dialysis Surveillance Network del CDC. Resultados:
Se vigilaron 1545 pacientes/mes, 60,5% con fistula (FAV),
35,5% con catéter permanente (CP), 3,0% con protesis y
1,0% con catéter temporal. La incidencia de eventos en am-
bos centros fue 8,7 casos por 100 pacientes-mes; la tasa de
eventos infecciosos fue de 9,1 para FAV y 20,6 para CP en
ambito hospitalario, mientras las tasas de otras infecciones
(respiratorias, herida, orina) fueron similares. Se realizé cul-
tivo antes de empezar tratamiento antibidtico en el 91,0%
frente a sospecha de bacteriemia ylo infeccion AV. El 90,0%
de tratamientos se ajustaron con antibiograma. Destaca una
baja incidencia de bacterias mutirresistentes mientras que
las infecciones relacionadas con el AV fueron causadas en
proporcion similar por bacterias grampositivas y gramnega-
tivas. Conclusiones: El acceso vascular es el principal factor
de riesgo para el desarrollo de infecciones. La vigilancia epi-
demioldgica he permitido detectar oportunidades de mejo-
ra en ambitos asistenciales distintos, integrandose como ele-
mento fundamental en el desarrollo de estrategias
multidisciplinarias de sequridad del paciente.

Palabras clave: Didlisis. Vigilancia. Infeccion nosocomial.
Acceso vascular. Sequridad del paciente.

INTRODUCTION

Health care-related adverse events are the subject of much
attention in all health institutions, and morbidity and
mortality for nosocomial infections have a significant impact
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on this issue.' Chronic renal failure (CRF) patients who are
on haemodialysis have a high risk of contracting infections
due to the technical complexity of the health care they
receive as well as the immunosuppressive state they usually
find themselves in. These infections are the second-leading
cause of death among haemodialysis patients, with an
attributed mortality rate of 14% > Especially important are
infections in vascular access points, which are the leading
cause of bacteraemia and loss of the vascular access in these
patients.’

The type of vascular access (VA) directly affects the risk of
developing infections and is the most important risk factor in
the development of bacteraemia and VA infection, which
from lowest risk to highest are: arteriovenous fistulas (AVF),
endovascular prostheses, tunnelled catheters, and non-
tunnelled catheters.*® The frequency with which VA are used
varies according to the characteristics of the health system
and the population being treated. For example,
haemodialysis patients with a high prevalence of diabetes
tend to have a lower rate of AVF and a greater use of
catheters.® In the United States, where the first VA placed in
a patient was a permanent catheter to be later replaced by an
endovascular prosthesis (graft), the “Fistula First” campaign
has been recently instated in order to raise awareness on and
promote AVF as the vascular access of choice and to
increase the probability that patients receive the safest type
of VA.""2 At the same time, widespread use of antibiotics has
led to the potential problem of microbial resistance, and
haemodialysis has historically been one of the health care
fields in which the appearance of new resistant strains have
been observed for the first time."”"

Epidemiological surveillance of infectious events and
antibiotic resistance can help understand the baseline state of
a health care field and can provide important information
when developing plans for improving and implementing
future measures for control. It can also provide data for
evaluating the possible impact of the activities meant to
prevent and control bacterial resistance *'¢"

In 1999, the Centres for Disease Control (CDC) in the
United States implemented the first epidemiological
surveillance system for haemodialysis, known as the
Dialysis Surveillance Network (DSN),>* which was
consolidated in the recently created National Healthcare
Safety Network (NHSN). In Europe, this type of surveillance
is less frequent, since it was only in 2006 that the creation of
multicentre systems was organised, with the production of
standardised guidelines, indicators, and recommendations.'**

Within this context, we took interest in the implementation
of a surveillance system for bacterial infections in
haemodialysis patients in the southern region of Gran
Canaria, with the objective of quantifying and analysing the
epidemiological characteristics of (infectious and non-
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infectious) adverse events and to
opportunities for improvement.

identify possible

METHODOLOGY

Prospective study on the incidence of certain adverse events
and infections, applying the methodology used by the CDC
through the DSN, including all (chronic) haemodialysis
patients, with stratification based on the type of vascular
access.” The study period was six months, from March to
September of 2008. The patients under surveillance were
treated in the haemodialysis unit of the tertiary Hospital
Universitario Insular de Gran Canaria (Gran Canaria Island
University Hospital) and at a peripheral health centre
(Avericum) in the southern region of Gran Canaria. Patients
were treated at one centre or the other based on clinical
criteria. Patients underwent dialysis from Monday to
Saturday on morning or afternoon shifts, with a total of 79
available workstations distributed in the following manner:

1. Hospital. 25 workstations: 16 in the general treatment room,
four in a room for hepatitis C virus (HCV), two in a room for
Hepatitis B virus (HBV), two in a room for human
immunodeficiency virus (HIV), and one in isolation.

2. Avericum. 54 workstations: 50 in a general treatment
room and four in a room for patients with HCV.

We obtained indicators in the following manner:

1. Denominator (census): we obtained our data from those
patients that received haemodialysis during the first two
days of each month, stratifying them by type of VA. In
this way, we were able to safely estimate the number of
patient/month, since the patients are always the same and
rotate in fixed shifts. The total number of patients treated
during the first two days of each month produced the
number of patients for that month. Using this information
for the study period, we produced a value for the total
number of patients per month, which was stratified by
type of VA. We used this formula because of the low
internal variability of patients on haemodialysis and in
order to facilitate data collection by the department staff.

2. Numerator (incident cases): a case was any patient that
required hospitalisation and/or antibiotic treatment and/or
produced a positive blood culture.

a) Hospitalisation was defined as when the dialysis patient
was admitted to any hospital department for over 24
hours due to any reason; a case file was produced for
each hospitalisation.

b) Each time that systemic antibiotic treatment was
administered to these patients, a case file was created,
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except for instances during the hospitalisation process,
since this was considered as the same event. Repeated
treatments of the same antibiotic treatment within a
21-day period were considered as the same case.

c¢) In the case of positive blood cultures, even in the
absence of hospitalisation or antibiotic treatment, a
case file was produced. A positive blood culture test
21 days after the previous one was also considered a
new case.

3. Interpretation of the indicators: the rates observed
show the mean percentage of patients that register a
new case every month. For example, a rate of 3.0%
during the month of January indicates that an average
of 3% of patients had an adverse event during that
month.

For patients that developed repeated VA-related infections
over time, the first, second, third, and even fourth events
were considered, according to the data collection protocol
established by the NHSN .

Data collection and analysis

During the first week of each month over the course of the
surveillance period, the nursing staff at both centres
compiled all of the necessary census information, indicating
the total number of patients that received dialysis, stratified
by type of vascular access.

For each individual case, the nephrology staff created a new
epidemiological case file. Each month, the case files were
sent to the study coordinator in the preventive medicine
department, where the data were reviewed and stored in the
computer file.

A case file was produced for all infectious and non-
infectious problems associated with the VA (thrombosis,
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haemorrhage, etc.), death, and cardiovascular problems,
whereas hospitalisations for more than 24 hours that were
due to any other cause were classified as incident cases in
the “other” category.

In case of an infectious pathology, the attending physician
recorded the diagnosis in the case file, and the final
classification of the infection was performed by the
surveillance coordinator in the preventive medicine
department, according to the CDC criteria for the following
infections: VA infections: local infections and with
secondary bacteraemia (catheter-related), bacteraemia (non-
catheter related), skin and soft tissue infections (non-
surgical), pneumonia, and urinary tract infections (UTTI).

In the data analysis section, we calculated the frequencies of
categorical variables and used chi-square tests for comparing
proportions using SPSS software, version 17.

RESULTS

We amassed a total of 1545 patient/month, with a monthly
mean of 221 patients, although with major differences
between the two dialysis centres, both in the number and
type of VA, as expressed in Table 1. The distribution of types
of VA was different between the two centres, with a greater
proportion of AVF than permanent catheters in patients
attended at the peripheral health centre, and an inverse
relationship observed at the hospital, where permanent
catheters were more common. They all were Hickman type
catheters, reaching 71.5% of the total. A very low proportion
of the VA were prostheses or non-tunnelled temporary
catheters (both were less than 5% of the total).

Incident cases

We observed a total of 134 incident cases and the majority of
them (53.7%) were for antibiotic treatment administration.

Table 1. Population characteristics and rate of events by type of vascular access

Fistula Permanent Graft Temporary Total
catheters catheters

H PHC H PHC H PHC H PHC H PHC Total
Mean patients/month 22 11.1 389 82 1.5 3 2 0 65 156 221
Vascular accesses (%) 340 715 60.0 255 26 30 34 0 100 100 100
No. incident cases 14 23 56 33 2 3 3 0 75 59 134
Total patients/month 154 783 272 279 11 32 14 0 455 1094 1545
Rate of events 9.1 2.9 206 11.8 182 94 214 0.0 16.5 5.4 8.7

(number of events/patient-month)

H: Haemodialysis unit of the Gran Canaria Island University Hospital, PHC: Haemodialysis unit at the Avericum peripheral health centre.
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The rate of incident cases (expressed as 100 patient/month)
varied significantly between the two different health centres
and, above all, between the different types of vascular access
used. Rates were much higher in patients attended at the
hospital and in those with higher-risk types of vascular
access (Table 2).

Non-infectious events

The rates of adverse events varied greatly, but the risk
gradient for type of VA was maintained, except for those
cases classified as “other,” which were much frequent in
patients with AVF. The rate of lost vascular access points
varied widely based on the type of access used. Throughout
the surveillance period, we observed the loss of two AVF
and one endovascular prosthesis due to non-infectious
causes.

Infectious events

We identified 41 infectious events related to the vascular
access, with an incidence of 8.6 cases per 100 patient/month,
33 cases of bacteraemia related to the vascular access, and 8
cases of local infection. These infectious events caused the

loss of 9 VA (seven permanent catheters and two temporary
ones). As shown in Table 2, the rates of infectious events
varied according to the type of vascular access used,
especially in the infections of the VA, whereas the rate of
infections not related to the VA (wounds, UTI, and
respiratory infections) were similar among different types.

Use of antibiotics and microbiological cultures

In all, we administered 66 different systemic antibiotic
treatments (in monotherapy or combined), and the global
percentage of microbiological cultures taken before starting
treatment was 73.2%. In the hospital, cultures were taken in
82.2% of treated cases, and in 91% if there was a suspicion
of bacteraemia and/or an infected VA, whereas cultures were
taken in only 56.7% of cases in which antibiotic treatment
was administered in the peripheral centre, with 90% of VA-
related infections being diagnosed. Cultures were not taken
in cases of repeated infectious event in the same patient
(second, third, and fourth events). When diagnosing a patient
with a wound infection, cultures were taken in 70% of cases
before prescribing treatment, in 50% of cases of UTI, and in
none of the cases of respiratory infections. In 78% of cases,
empirical treatment was given with vancomycin and
ceftazidime when a VA-related infection was suspected, and

Table 2. Rates of adverse events expressed per 100 patients/month

HUIGC Avericum

AVF* PC® P AVFa PCb P
No. patients/month. total 154 272 783 279
Incident cases
Hospitalisation 3.9 8.1 NS 1.3 3.6 0.03
Use of ATB 4.5 19.8 <0.01 0.9 4.3 <0.01
ATB + Hospitalisation 0.0 1.8 NS 3.8 0.3 <0.01
Use of vancomycin 1.9 55 NS 0.1 2.8 <0.01
Blood culture + 1.2 5.9 0.04 0.5 3.5 <0.01
Non-infectious events
Vascular access 0.0 0.4 NS 0.1 0.7 NS
Cardiovascular event 0.6 1.1 NS 0.5 0.0 NS
Lost vascular access 0.6 1.4 NS 0.1 1.1 NS
Other 35.7 7.3 <0.01 0.6 2.8 <0.01
Death 0.6 2.2 NS 0.1 0.3 NS
Infectious events
Infection of the local access 0.6 6.2 0.01 0.1 1.4 0.02
Bacteraemia (Cat. related) 1.3 4.4 NS 0.0 1.8 <0.01
Respiratory infections 1.3 1.8 NS 0.4 0.7 NS
Skin and soft tissue infections 1.9 1.8 NS 0.5 0.7 NS
Urinary tract infections 0.6 0.7 NS 0.5 0.5 NS

AVF: arteriovenous fistula; PC: permanent catheter; NS: not significant; HUIGC: Gran Canaria Island University Hospital; ATB: antibiotics.
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was adjusted according to an antibiogram in 90% of cases.
The overall rate of specific use of vancomycin was 4.4%
patient/month in the hospital, and 0.8% in the peripheral
centre; these rates also varied by type of VA (Table 2).

Table 3 shows the bacterial isolations by infection type (only
for first events, not including repeated cultures of the same
microorganism). We isolated multi-resistant microorganisms
in only four cases, and the proportion of infections caused by
gram-positive bacteria was similar to that of gram-negative
bacteria, both in VA-related infections and others.

DISCUSSION

We performed a surveillance study of the appearance of
adverse events in a chronic haemodialysis population. In
Spain little experience has been gained in this field, and so
this study could contribute to understanding the situation
within this population.'®** Compared with data from Spain
and Europe in general,’* our health care area uses a 20%
lower proportion of AVF (mean in Spain: 79.5%) and
endovascular prostheses (mean: 10.5%), whereas permanent
catheters are used 3.5 times more frequently (35.5% vs the
rate in Spain of 9.9%).

The frequency of using VA varied between the two centres.
Patients with an AVF or a permanent catheter accounted for
60.5% of all such patients, and the frequency of using AVF
was greater in the peripheral centre (71.5%) than in the
hospital (34%), whereas permanent catheters had a similar
distribution in the two health centres. On the other hand, the
use of prostheses and temporary catheters was quite low, and
so the data regarding patients with these types of accesses
may not have been representative so we have not shown
their results. This is not an ideal situation, taking into
account that the majority of scientific societies and medical
authorities recommend the AVF, given its lower rate of
occurrence of adverse events.” 219222628
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The rates of adverse events were higher in patients with
permanent catheters than in those with fistulas or prostheses,
both in the peripheral and central hospital centres, coinciding
with results from other authors around the world.*”**2* The
rate of hospitalisation is twice as high in the group of
patients with permanent catheters than in the AVF group, as
well as the rate of infections related to the vascular access
point (both in local infections and bacteraemias).

In patients on haemodialysis in the United States, the rates of
catheter-related bacteraemias is estimated at 0.9-2.0 events
per patient-year.” Similarly, surveillance data indicate that
hospitalisation rates have increased by 29% due to
bacteraemia, and 24% due to cellulitis, since 1993.% Ferrero
et al,” in a similar study carried out in Italy, observed a
0.18% rate of bacteraemia associated with the vascular
access, which is a lower rate than that presented by the
NHSN?** and the values we observed (1.3 and 4.4 episodes
per 100 patients/month in patients with AVF and permanent
catheters, respectively).

Non-infectious adverse events had a similar pattern to
infectious events, with greater rates for permanent catheters
and patients treated at the hospital.

With regard to antibiotic treatment and laboratory use, the
data indicate a good overall situation, with a low incidence
of multi-resistant bacteria and a rational use of health
resources (antibiotic agents and microbiological cultures).
However, there is room for improvement, especially with
regard to antibiotic treatment without previous culture, such
as in the case of respiratory infections. The rate of use of
vancomycin was between 0.1 and 1.9 per 100 patients/month
in patients with AVF, and between 2.8 and 5.5 for patients
with permanent catheters, which are acceptable results when
compared with the 2006 data from the DSN’ falling below
the 75™ percentile. In our health care field, this type of
empirical treatment, adjusted to the antibiogram results,

Table 3. Microorganisms isolated by type of infection

Infection of Access-related Skin and Urinary tract Total
the vascular access bacteraemia soft tissue infection infection

No. % No. % No. % No. % No. %
MRSA® 0 - 1 7.1 0 - 0 - 1 2.1
S. aureus 4 16.6 1 7.1 1 1.1 0 - 6 117
P aeruginosa 5 20.9 3 21.6 1 1.1 1 333 10 20.2
S. epidermidis 6 25 1 7.1 0 - 0 - 7 13.7
Other GNB®< 7 29.2 7 50 4 44.4 2 66.7 19 117
Gram-positive cocci ¢ 2 8.3 1 7.1 3 333 0 - 6 9.8

SARM: Staphylococcus aureus meticilin-resistente; BGN: bacilos gramnegativos; otros BGN: Citrobacter, S. marcescens, A. baumannii, E. cloacae,

K. pneumoniae, E. coli; other grampositivos: E. faecalis, E. faecium.

Nefrologia 2011;31(4):457-63
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continues to be the treatment of choice, taking into
consideration the low incidence of multi-resistant bacteria
and the absence of bacteria resistant to vancomycin.

Our study has some limitations. In the first place, it had a
descriptive design, and so we cannot estimate risk. We
cannot conclude that the presence of an AVF causes a lower
risk of infectious events, since this would require a more
analytical study design (experimental, cohorts, or
case/control). Even so, the approximations made using the
epidemiological surveillance design used here can be useful,
especially because our results are consistent with those from
other studies.*** Also, the study period was quite short, only
seven months, although we believe that the sample size of
1545 patient/month may offer a good estimation of the
incidence of adverse events. However, we did not establish a
predetermined sample size, since the primary objective of
the study was to detect problems associated with the
treatment of patients on chronic haemodialysis. Finally, we
must point out that the scarce experience with this type of
study in our field has revealed errors in the estimation of
parameters.

Nevertheless, our study has detected some areas for
improvement, such as the lack of cultures taken in
respiratory infections. However, the high rate of use of
permanent long-term catheters compared to AVF represents
the most critical point in morbidity and mortality, health
costs, quality of health care, and patient safety, which is not
dependent on the workers in our haemodialysis units, since
we also depend on health professionals from other fields,
such as vascular surgeons and hospital administrators, as
stated in the “Change package overview” promoted by the
“Fistula First” campaign in the USA." Our data show that
the increased risk of an adverse event is also higher in our
area (without basing ourselves solely on data from previous
studies), and should be used to motivate health care
professionals that work in treating these patients to increase
the rate of AVF as the VA of choice and to reduce the overall
use of permanent catheters such as a long-term VA.

The implication of hospital administrators and vascular
surgeons in this matter is considered indispensable in order
to achieve these objectives.

The surveillance programme that we presented here is easy
to implement, consumes few resources, and is well accepted
by health care professionals working in haemodialysis units.
Moreover, it provides useful information for introducing
improvement and control measures, and that have been
demonstrated to reduce the rates of infections and improve
the use of antibiotics.**? Finally, our results can be useful
for the planning and coordination of clinical management of
haemodialysis patients, becoming a key factor in the
development of multi-disciplinary strategies for ensuring
patient safety.'”1*"
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