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Summary

In order to identify overall and site-speci®c nosocomial infection

(NI) rates in patients receiving neurosurgical intensive care therapy,

a prospective study was started in February 1997 in the eight-bed

neurosurgical ICU of the University Hospital of Freiburg, Germany.

Case records were reviewed twice a week, all microbiology reports

were reviewed and ward sta¨ was consulted. NI were de®ned ac-

cording to the CDC-criteria and were categorised into speci®c infec-

tion sites. Within 20 months, 545 patients with a total of 5,117 pa-

tient days were investigated (mean length of stay: 9.4 days). 113 NI

were identi®ed in 90 patients (72 pts. with one, 13 with two and 5

with three infections, respectively). A moderate to high overall inci-

dence (20.7/100 pts.) and a moderate incidence density (22.1/1,000

patient days) of NI in the neurosurgical ICU could be documented;

these ®gures are well within the range of published data. Site speci®c

incidence rates and incidence densities were: 1 bloodstream infection

per 100 patients (0.9 central line-associated BSIs per 1,000 central

line-days), 9 pneumonias per 100 patients (15.1 ventilator-associated

pneumonias per 1,000 ventilator-days), 7.3 urinary tract infections

per 100 patients (8.5 urinary catheter-associated UTIs per 1,000 uri-

nary catheter-days). Additionally, 1.1 cases of meningitis, 0.7 brain

abscesses/ventriculitis, and 1.7 other infections (surgical site infec-

tion, bronchitis, catheter related local infection, diarrhoea) were

documented per 100 patients, respectively. 14.6% of isolated patho-

gens were E. coli, 10.2% enterococci, 9.6% S. aureus, 6.4% CNS,

6.4% Klebsiella spp., 5% Enterobacter spp. and 5% Pseudomonas

spp.. In 11 cases of NI no pathogen could be isolated.

Keywords: Intensive care unit; neurosurgery; nosocomial infec-

tion; surveillance.

Introduction

A common problem in intensive care medicine is the

high incidence of nosocomial infection (NI). Due to

the severity of illness of the patients treated and the

high number of medical devices used, in the case of

surgical intensive care units (ICUs) the overall rates

are as high as 36±54 per 1,000 patient-days [21]. In

modern hospital infection control, surveillance as a

programme involving the systematic collection, tabu-

lation, analysis and feedback of data on the occurrence

of NI (®rst introduced in the 1960s) is a common

approach. However, various methods of surveillance

have been applied and studied, which di¨er primarily

in their method of data collection and performance as

prevalence or incidence surveys [6, 7, 11, 12].

Surveillance of NI provides data which are useful

for identifying patients who are infected, for de-

termining the site of infection, and for identifying fac-

tors that contribute to the incidence of NI [13]. Ac-

cording to the `Study on the E½cacy of Nosocomial

Infection Control' (SENIC), organised surveillance

and control activities, an adequate number of trained

infection control sta¨, and a system for reporting in-

fection rates (i.e. to surgeons) are essential for nosoco-

mial infection control programmes to be e¨ective [15].

Nosocomial infection rates are mainly dependent on

the severity of illness and the exposure to invasive de-

vices (especially use of ventilator, central venous cath-

eters, urinary catheters). The US `National Nosoco-

mial Infections Surveillance' System (NNIS) provides

regularly updated data on the use of these devices and

on the incidence of NI associated with their use

(pneumonia, bloodstream infection ± BSI, urinary

tract infection ± UTI) [19]. Today surveillance ac-

cording to this system is used in many countries, in-

cluding Germany [14, 23, 24]. It's accuracy has been

assessed in the USA [9].

For patients receiving neurosurgical intensive care

there are particular risk factors (e.g. multiple trauma,

head injury, and coma) of acquiring one or more no-

socomial infections [1, 2, 16]. However, there are only

very limited data available on the incidence of NI in
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this ICU-setting in Europe. Therefore, in order to as-

sess the incidence of NI and to identify overall and site-

speci®c infection rates, a prospective study was started

in February 1997 in the eight-bed neurosurgical ICU

(NSICU) of the University Hospital of Freiburg,

Germany (UHF). The UHF is a large German hospi-

tal with 1,700 beds. In 1997, 53,700 patients were ad-

mitted and the hospital had 5,490 employees.

Methods

Study Ward and Study Population

This prospective study was carried out on the eight-bed NSICU of

the University Hospital of Freiburg. The NSICU is a referral centre

that serves approx. 1.5 million people in South-West Germany. The

main primary diagnoses of patients treated include intracranial

bleeding and malformation, neoplasia, trauma (head or spinal cord

injury), hydrocephalus, and infection. All patients with a stay of at

least 24 hours were included in the survey. From February 14 1997,

to October 10 1998, a total of 545 patients were enrolled.

Surveillance

The surveillance method used has previously been described in

detail [7, 20]. A fully trained and experienced infection control prac-

titioner visited the ward twice a week in the morning. General data

obtained included name, age, sex, reason for hospitalisation and type

of operation for all patients. Nursing notes, medical notes, micro-

biology reports, temperature charts and antibiotic treatment charts

were reviewed to determine if a patient had symptoms and signs of

infection. In addition, the nursing and medical sta¨ were consulted if

any queries regarding such symptoms and signs arose. The number

of urinary catheter-days, central line-days, and ventilator-days were

recorded. The surveyor ®lled out a worksheet for every patient (in-

fected and not infected) and once a week these worksheets were

reviewed together with a physician trained in infection control. Be-

cause of limited resources it was not possible to carry out a post-

discharge follow-up.

Within the study period, the time required for data collection and

analysis with this reference surveillance method was assessed in

comparison with a selective method derived from the NNIS Inten-

sive Care Unit (ICU) component [3].

De®nition of Nosocomial Infection

All infections which occurred during the study period were cat-

egorised into speci®c infection sites using standard CDC-de®nitions

that include clinical and laboratory criteria [10, 13]. In accordance

with these de®nitions results of chest radiographs were taken into

account for the diagnosis of nosocomial pneumonia. To classify an

infection as nosocomial there must be no evidence that it was present

or in the incubation at the time of admission to the ICU. Thus, each

infection had to be assessed for evidence linking it to hospitalisation.

Infections occurring at more than one site in the same patient were

reported as separate infections.

Statistics

We calculated device utilisation ratios, site speci®c incidence rates

per 100 patients, and site speci®c incidence densities per 1,000 days at

risk (use of urinary catheter, central line, and ventilator, respectively)

or per 1,000 patient days (see Fig. 1) [19].

Results

In the 20-month study period, 545 patients with a

total of 5,117 patient days were investigated. Of these

patients 295 were female and 250 male. The mean age

was 56.7 years (range: 6±98) and the mean length of

stay in the NSICU 9.4 days (range: 2±75). The pa-

tients' primary diagnoses are shown in Table 1.

Nosocomial Infections/Device Utilisation

The ratios for urinary catheter utilisation, central

line utilisation, and ventilator utilisation are shown in

Table 2.

A total of 113 nosocomial infections were identi®ed

in 90 patients (72 patients with one, 13 with two and 5

with three infections, respectively). The overall inci-

dence of NI in the neurosurgical ICU was 20.7 per 100

Device utilisation ratio �DU� � Number of device-days

Number of patient days

Device-associated infection rates

� Number of device-associated infections for a specific site

Number of device-days

� 1000

Fig. 1. Formulas used to calculate device utilisation ratios and

device-associated infection rates [NNIS 1998]

Table 1. Primary Diagnoses (545 Patients)

Vascular malformations (VW) 204

± Aneurysmal subarachnoid haemorrhage (SAH) 104

± Arteriovenous malformations (AVM) 5

± Intracerebral bleedings (ICB) 71

± Others 24

Intracranial neoplasia (tumours) (IT) 158

Spinal lesions (SL) 64

± Spinal tumours (SPR) 28

± Spinal trauma (SPT) 15

± Others 21

Intracranial trauma (ICT) 27

Hydrocephalus (HYD) 22

In¯ammatory disease (ID) 18

± Meningitis 8

± Brain abscess 7

± Others 3

Diverse neurological diseases (DIV) 52

Table 2. Device Utilisation (DU) Ratios

Urinary catheter utilisation 0.85 (urinary catheter-days/patient

days)

Central line utilisation 0.88 (central line-days/patient days)

Ventilator utilisation 0.26 (ventilator-days/patient days)
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patients and the incidence density 22.1 per 1,000 pa-

tient days. Site speci®c incidence rates (NI/100 pa-

tients) and incidence densities (NI/1,000 days at risk)

are shown in Table 3. 29 of the 49 nosocomial pneu-

monias documented were not ventilator-associated.

This ®gure corresponds to 59%.

As reported elsewhere in detail, the time required to

collect data in the NSICU using the reference surveil-

lance method and to analyse these data was calculated

to be 150 minutes per week (3.3 h per 10 beds per

week) [3].

As shown in Table 4, the primary diagnoses of pa-

tients with one or more nosocomial infections were

mainly vascular malformations and intracranial tu-

mours.

Microbiology

A total of 157 pathogenic micro-organisms were

isolated, which are shown in descending order of fre-

quency and related to the site speci®c infections (Table

5). In 11 cases of nosocomial infection no pathogen

could be isolated (pneumonia: 3; meningitis: 3; UTI: 3;

ventriculitis: 1, surgical site infection: 1).

Discussion

Information on the occurrence of nosocomial in-

fections in neurosurgical intensive-care patients is

limited. The most important database regarding this

setting is provided by the US `National Nosocomial

Infections Surveillance'-system (NNIS) [19]. Pooled

data of the surveillance activities (urinary catheter-as-

sociated UTI, central line-associated BSI, and ventila-

tor-associated pneumonia) in participating US neuro-

surgical units are published annually (42, 41, and 41

units, respectively, with a total of 216, 562 patient-days

[status 1998]).

Regarding the problem from a German (European)

perspective, a retrospective analysis of 314 patients

treated longer than 48 h in a neurosurgical ICU was

performed by Laborde et al. [17], who recorded an in-

fection rate of 36.3% (114 NI).

The study presented here was carried out to assess

more detailed data on the incidence of nosocomial in-

fection in patients receiving neurosurgical intensive-

care. As a referral centre the study ward (NSICU of

the University Hospital of Freiburg) represents one of

the 40 institutions of its kind in Germany. The main

primary diagnoses of the patients treated include vas-

cular malformations, intracranial tumours, and spinal

lesions (table 1). Patients with NI (table 4) also mainly

su¨ered from vascular malformations �n � 44� and

Table 3. NI in a German Neurosurgical ICU: Site Speci®c Incidence Rates and Incidence Densities (NNIS-Data for Comparison)

Type of NI No. NI/100

patients

NI/1000

days at riskX

NNIS

(median)

X

Bloodstream infection 5 1 0.9 4.4
central line-associated BSIs

1; 000 central line-days

Pneumonia 49 9 15.1 13.8
ventilator-assoc: Pneumonias

1; 000 ventilator-days

Urinary tract infect. 40 7.3 8.5 7.8
urinary catheter-assoc: UTIs

1; 000 urinary catheter-days

Meningitis 6 1.1 1.2 ±
nosocomial infections

1; 000 patient days

Brain abscess/ventriculitis 4 0.7 0.8 ±
nosocomial infections

1; 000 patient days

Others (surgical site infection,

bronchitis, catheter related

local infection, diarrhoea)

9 1.7 1.8 ±
nosocomial infections

1; 000 patient days

All NI 113 20.7 22.1 ±
nosocomial infections

1; 000 patient days

Table 4. Primary Diagnoses (Patients with NI; n � 90)

Vascular malformations (VM) 44 (48.8%)

± Aneurysmal subarachnoid haemorrhage (SAH) 24

± Intracerebral bleedings (ICB) 18

± Others 2

Intracranial neoplasia (tumours) (IT) 16 (17.8%)

Spinal lesions (SL) 4 (4.4%)

Intracranial trauma (ICT) 6 (6.7%)

Hydrocephalus (HYD) 6 (6.7%)

In¯ammatory disease (ID) 5 (5.6%)

Diverse neurological diseases (DIV) 9 (10.0%)
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intracranial tumours �n � 16�. Spinal lesions �n � 4�
were represented less often.

A moderate to high overall incidence (20.7%) and a

moderate incidence density (22.1/1,000 patient days)

of NI in the NSICU was documented. These ®gures

are well within the range of published data regarding

the neurosurgical setting: 13.9% [5]; 36.3% [17]. Com-

pared to data reported by NNIS, the device-associated

infection rates (Table 3) were in the median range

(pneumonia and UTI) or in the lower range (BSI: be-

low the 10%-percentile) [19]. We found a moderate to

high incidence of meningitis, brain abscess and ven-

triculitis. Data regarding these infections are probably

recorded, but not published by NNIS.

In case of ventilator-associated pneumonia, Ber-

rouane et al. [2] calculated a higher incidence density

and device-utilisation ratio (30.5/1,000 ventilator-

days; 0.76 ventilator-days/patient days). Given the

comparably low device-utilisation ratio in our NSICU

(0.26: 25% percentile NNIS-data), most cases of noso-

comial pneumonia were not ventilator-associated

(n � 29, see table 3) ± a ®nding that was not expected.

However, data regarding non ventilator-associated

pneumonia in neurosurgical ICUs are not published

by NNIS.

The very low incidence of bloodstream infections

may be partly due to the fact that the majority of cen-

tral venous catheters are in place for a short time only

(less than one week) and that they may be used fre-

quently in patients who are not critically ill (high

device-utilisation ratio: >90% percentile NNIS-data).

However, because blood cultures have been missed in

some cases of a febrile episode of NSICU patients with

a CVC in place, a certain underreporting is likely.

In addition, the fact that no post-discharge follow-

up was performed in this study may have led to un-

derreporting. However, patients who developed an NI

after being discharged from the neurosurgical ICU

were transferred back to the NSICU for control of this

infection, and that it was then detected and categorised

as nosocomial. Additionally, it has been shown pre-

viously that only approx. 11% of all ICU-associated

NIs are missed if no post-discharge follow-up is un-

dertaken, however because it is very labour-intensive,

a follow-up cannot be recommended [14].

The distribution of the broad spectrum of micro-or-

ganisms isolated from patients with NI shows for the

most part ®ndings as expected (Table 5). However,

there are only few published data for comparison rep-

resenting neurosurgical ICUs [2, 17]. The relatively

high ®gure of Enterococci (10%) mainly represents

urinary tract infections (in UTI Enterococci are one of

Table 5. Isolated Pathogens of Nosocomial Infections in the NSICU

Pathogen Total no. (%) BSI Pneumonia UTI Meningitis Brain

abscess

ventriculitis

Other

E.coli 23 (14.6%) 0 3 (3.2%) 20 (48.8%) 0 0 0

Enterococci 16 (10.2%) 2 (28.6%) 4 (4.3%) 10 (24.4%) 0 0 0

S. aureus 15 (9.6%) 3 (42.8%) 10 (10.6%) 0 0 0 2 (33.3%)

CNS 10 (6.4%) 2 (28.6%) 0 2 (4.9%) 2 (66.7%) 2 (50.0%) 2 (25.0%)

Klebsiella spp. 10 (6.4%) 0 9 (9.6%) 0 0 0 1 (12.5%)

Enterobacter spp. 8 (5.1%) 0 7 (7.4%) 1 (2.4%) 0 0 0

Pseudomonas spp. 8 (5.1%) 0 6 (6.4%) 2 (4.9%) 0 0 0

Proteus spp. 7 (4.5%) 0 6 (6.4%) 1 (2.4%) 0 0 0

Streptococci 6 (3.9%) 0 5 (5.3%) 0 0 1 (25.0%) 0

H. in¯uenzae 6 (3.9%) 0 6 (6.4%) 0 0 0 0

Acinetobacter 6 (3.9%) 0 5 (5.3%) 1 (2.4%) 0 0 0

Stenotrophomonas malt. 2 (1.3%) 0 2 (2.1%) 0 0 0 0

Serratia spp. 2 (1.3%) 0 1 (1.1%) 1 (2.4%) 0 0 0

Citrobacter spp. 2 (1.3%) 0 1 (1.1%) 0 0 0 1 (12.5%)

Bacteroides spp. 3 (1.3%) 0 3 (2.2%) 0 0 0 0

Corynebacterium spp. 2 (1.3%) 0 0 1 (2.4%) 0 1 (25.0%) 0

C. di½cile 2 (1.3%) 0 0 0 0 0 2 (25.0%)

Hafnia alvei 1 (0.6%) 0 1 (1.1%) 0 0 0 0

Yeastsa (Candida spp.) 27 (17.4%) 0 25 (26.6%) 2 (4.9%) 0 0 0

Herpesvirus 1 (0.6%) 0 0 0 1 (33.3%) 0 0

Total (�100%) 155 7 94 41 3 4 8

a The majority of yeasts were isolated together with other microorganisms.
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the leading pathogens). All but one of the frequent

Candida isolates �n � 25� in patients with pneumonia

were isolated together with other micro-organisms and

most likely represent contaminants in the tracheal as-

pirate.

It is common sense that in clinical practice total

surveillance should be replaced by surveillance systems

targeted to speci®c outcome objectives. This `surveil-

lance by objectives' has been adopted increasingly by

US-hospitals and is practised in most European hos-

pitals [7, 15]. With the reference surveillance method

used in this study the time required for data collection

in the NSICU and for data analysis (3.3 h per 10 beds

per week) was more than four times higher than that

required by a selective method [8] derived from the

NNIS ICU-component (0.75 h per 10 beds per week)

without compromising sensitivity and speci®city in

detecting device-related NI [3]. Since data collection is

the most time-consuming element of surveillance, se-

lective surveillance methods are the only realistic way

for small infection control teams to operate on a daily

basis and to optimise the cost-e¨ectiveness of the pro-

cess [6].

Because of the often severe consequences of NI in

patients receiving intensive-care it seems reasonable to

gain more insight on the occurrence of this problem in

the neurosurgical setting. According to our ®ndings,

which are in concordance with data published in the

literature [2, 5, 17, 19], the prevention of nosocomial

pneumonia, not only in case of ventilator use, is a high

priority objective in neurosurgical ICUs. All reason-

able e¨orts will be made to further reduce the burden

of NI to the patients, as well as the immense economic

burden to the health care system [18]. To provide a

®rm base to implement e¨ective measures of preven-

tion, more detailed data regarding nosocomial in-

fections in Neurosurgery intensive-care in Europe are

needed.
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Comments

The manuscript provides a valuable contribution to the literature,

describing the overall and site-speci®c nosocomial infections occur-

ring in a neurosurgical intensive care unit. The study was well de-

signed and conducted according to currently accepted methodology

in reporting infection rates. Some reservations however are appro-

priate when interpreting the reported infection rates. As the authors

correctly state in the discussion post-intensive care follow-up was not

routinely performed and consequently underreporting may have oc-

curred. Furthermore, the data should be viewed in relation to the

speci®c patient population studied. In neurosurgical intensive care

units commonly some patients treated are severely ill and die within

24 hours to a few days and others concern 24 hours short intensive

care surveillance in the postoperative period. In these patients with

short-term intensive care treatment nosocomial infections will prob-

ably not occur and consequently overall infection rates may be low.

The low utilization rate for ventilator use (0.26) illustrates the spe-

ci®cs of the neurosurgical intensive care unit, including probably

many patients who in other centers might have been treated in a high

care unit. It is therefore di½cult to relate the reported data to those

from more general intensive care units.

Nevertheless, the authors are to be congratulated on a well con-

ducted study, which may serve as an example for other units; stan-

dardized registration such as has been utilized by the authors is a

prerequisite for e¨orts related to quality control.

A. Maas

In a prospective study the authors have analysed overall and site-

speci®c nosocomial infection rates in a neurosurgical intensive care

unit. A moderate to high overall incidence of 20.7/100 patients was

noticed. Pneumonias and urinary tract infections were predominant,

CNS infections were rare as were infections of the surgical sites.

Whereas there is considerable information about the incidence of

nosocomial infections in general, anaesthesiological, surgical or

medical intensive care units, only little is known about neurosurgical

ICUs. Thus the paper gives valuable data which allow one to focus

on prevention of nosocomial infections. Obviously pneumonias and

urinary tract infections are most frequent. It would be interesting to

see whether there will be changes if special attention is focussed on

prevention of these complications in some years.

The distribution of primary diagnoses may not be representative

for most neurosurgical ICUs. There is a strong preponderance of

SAH and patients with intracerebral haematomas as well as intra-

cranial tumours whereas there are only few patients with traumatic

brain injury. It is well-known that such patients may even have a

higher rate of nosocomial infections, since severely head injured pa-

tients often require longterm intubation and ventilation.

It would be interesting to learn when nosocomial infections appear

and whether they are more frequently seen if patients are treated

longer.

Furthermore one would like to learn whether these infections can

be treated and ``controlled'', the impact of such infections on the

general course of patients, on longterm morbidity and mortality.
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