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The risk and outcome of bloodstream infections (BSIs) were evaluated following surgery.
BSIs were identiÞed in Helsinki University Hospital during 2009e 2014 as part of the na-
tional surveillance. Of 711 BSIs identiÞed, 51% were secondary and 49% primary. The rate
was highest after cardiovascular surgery (8.7 per 1000 procedures) and lowest after
gynaecologic (1.0 per 1000). Surgical site infection was the most frequent source of sec-
ondary BSIs (34%) and 45% of primary BSIs were central-line-associated. The 28-day cas
fatality ranged from zero in gynaecology/obstetrics to 21% in cardiovascular surgery.
Besides BSIs related to surgical site infections, half of BSIs were primary, providing addi-
tional foci for prevention.

ª 2017 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

Surgical patients frequently acquire healthcare-associated
bloodstream infections (BSIs) [1e 3]. Postoperative BSIs pro-
long hospital stay and increase cost, and most importantly may
be related to severe outcome [4] .

Most previous studies on postoperative BSIs have focused on
a certain speciÞc type of surgical procedure, especially on
open heart surgery [4e 6]. We located only one earlier study in
which the risk of BSI after various types of operation had been
compared [7] . Following that study, surgical techniques and
postoperative treatment have changed widely.
nki University Central
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Healthcare-associated BSI rates are usually reported by
patient-days or when associated with device by central-line-
days, usually in intensive care units (ICUs) [1,2] . However,
postoperative BSIs, especially secondary, are related more
to the surgical procedure itself than to the postoperative re-
covery period. To evaluate the risk and outcome of post-
operative BSIs in various surgical procedures, we analysed
the surveillance data of healthcare-associated BSIs from a
tertiary care hospital located in the capital area of Finland
during 2009e 2014 and reported rates by number of surgical
procedures.

Methods

Helsinki University Central Hospital (HUCH, 1983 hospital
beds) provides tertiary care including all specialties of surgery
for the capital city area of Finland, with a population of 1.2
Ltd. All rights reserved.
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million. HUCH participated in the surveillance of healthcare-
associated laboratory-conÞrmed BSIs as part of the Finnish
Hospital Infection Program [1] . Surveillance was active, pro-
spective, and hospital-wide, covering all patients admitted to
departments offering acute care.

Infection control nurses regularly reviewed the laboratory
database for positive blood culture results. The Centers for
Disease Control and Prevention deÞnition for healthcare-
associated BSI was used, and only laboratory-conÞrmed BSIs
were included in the study [8] . BSI was postoperative if the
patient had been operated on during the same hospital stay or
within 30 days of the BSI, if BSI was secondary to surgical site
infection. ÔPrimary BSIÕ referred to bacteraemia or fungaemia
for which there was no documented focal source and included
infections that resulted from intravenous or arterial catheter
infections. ÔSecondary BSIÕ was deÞned as an infection tha
developed due to a documented infection with the same micro-
organism at another body site.

All patients who underwent surgery in the operating room
were recorded as having had surgery and the surgical proced-
ure codes were reported. The procedures were classiÞed by
using Nordic Medico-Statistical Committee ClassiÞcation of
Surgical Procedures (NCSP) under the main chapters (Ae H,
Je N, Pe Q), which arrange the surgical procedures into func-
tional e anatomic body systems (Table I).

All BSIs that became evident during the ICU stay (at least 24
h) or within 48 h after discharge from the ICU were considered
related to intensive care. The outcome at 2, 7, and 28 days
from the date of the Þrst positive blood culture was obtained
Table I
Data for bloodstream infections (BSIs) (primary, secondary, all) followin
pital, 2009 e 2014

Surgical procedure category
(NOMESCO code)

No. of surgical
procedures

All BSIs

No. Median
age (years)

Gastrointestinal (J) 56,447 165 65
Orthopaedic (N) 97,796 117 66
Cardiovascular (F) 8261 72 65
Urogenital (K) 17,430 63 67
Nervous system (A) 28,257 52 62
Obstetric procedures (M) 24,218 36 30
Peripheral vessels and

lymphatic system (P)
14,640 32 68

Skin (Q) 19,619 28 52
Gynaecologic (L) 25,843 26 44
Minor surgical procedures

(T)
4495 17 63

Chest wall, pleura,
mediastinum, diaphragm,
trachea, bronchus, and
lung (G)

4590 12 53

Other a 48,330 19
UnclassiÞed surgical

procedures
72 61

Total 427,518 711 63

NOMESCO, Nordic Medico-Statistical Committee; CI, conÞdence interval.
a Surgical procedure categories with fewer than 10 BSIs were combined. T

endocrine system.
from the national population registry by unique person iden-
tiÞers allocated to all residents in Finland.

During 2009e 2014, there were 3033 healthcare-associated
BSI episodes in HUCH, of which 891 (29%) had preceding sur
gical procedure, i.e. were postoperative BSIs. Postoperative
BSIs from the unit of paediatric surgery (180, 20%), mostly
newborns, were excluded from the analysis due to the unique
characteristics of this patient group.

The number of surgical procedures performed in an opera-
tion room was used as denominator when calculating the rates.
The number of surgical procedures performed was obtained
from the hospital database and included 456,209 surgical pro-
cedures during the study period. The 28,691 (6%) surgical
procedures performed in the paediatric surgery unit were
excluded.
Statistical analysis

The differences in non-normal distributions between two
continuous variables were tested by the Mann e Whitney test.
Data were analysed using IBM SPSS Statistics version 22.
Results

In all, 711 postoperative BSIs were identiÞed during
2009e 2014. The median age of the patients was 63 years
(range: 0e 93 years, with only eight patients aged < 16 years
undergoing surgery outside the paediatric surgery unit) and 57%
g various surgical procedures in Helsinki University Central Hos-

Primary
BSI

Secondary
BSI

BSIs per 1000
procedures

28-day case
fatality rate

Male
No. (%)

No. (%) No. (%) (95% CI) No. (%)

88 (53) 104 (63) 61 (37) 2.9 (2.5e 3.4) 20 (12)
65 (56) 34 (29) 83 (71) 1.2 (1.0e 1.4) 5 (4)
49 (68) 27 (37) 45 (63) 8.7 (6.7e 10.7) 15 (21)
53 (84) 16 (26) 47 (75) 3.6 (2.7e 4.5) 5 (4)
35 (67) 31 (60) 21 (40) 1.8 (1.3e 2.3) 5 (10)
0 23 (64) 13 (36) 1.5 (1.0e 2.0) 0

23 (72) 13 (41) 19 (59) 2.2 (1.4e 2.9) 6 (19)

16 (57) 15 (54) 13 (46) 1.4 (0.9e 2.0) 5 (18)
0 14 (54) 12 (46) 1.0 (0.6e 1.4) 0
8 (47) 15 (88) 2 (12) 3.8 (2.0e 5.6) 2 (12)

9 (75) 5 (41) 7 (58) 2.6 (1.1e 4.1) 2 (17)

10 (53) 9 (47) 0.4 (1.1e 4.1) 2 (11)
48 (67) 40 (55) 32 (44) 7 (10)

405 (57) 347 (49) 364 (51) 1.7 74 (10)

hese included teeth, jaws, mouth and pharynx, mammary gland, and
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were males. The total number of surgical procedures per-
formed during the six-year study period was 427,518 and the
annual number of surgical procedures increased by 9%, from
67,545 to 73,563. The overall rate of postoperative BSIs was 1.7
per 1000 surgical procedures without any clear annual trend
(range by year: 1.4e 1.8).

The highest burden (number of cases) of postoperative BSIs
was observed after gastrointestinal (165 episodes), orthopae-
dic (117) and cardiovascular (72) surgery, whereas the rates
were highest in cardiovascular (8.7 per 1000 surgical proced-
ures), urogenital (3.6) and gastrointestinal (2.9) surgery
(Table I). The rates were lowest in gynaecologic (1.0) and or-
thopaedic surgery (1.2). The median age of patients (range:
20e 68 years) and gender distribution (males: 0 e 84%) varied
considerably between different surgical procedure categories.

Of the infections, 364 (51%) were secondary and 347 (49%)
were primary. The distribution of secondary versus primary BSIs
varied between surgical procedure categories ( Table I).

Among the secondary BSIs, the most frequent sources of
infection were surgical wound (125 episodes, 34%), urinary
tract (97, 27%), gastrointestinal tract (54, 15%) and lung (22,
6%). Of the primary BSIs, 45% (155/347) were central-line-
associated (CLABSI). Of primary BSIs, 38% (133/347) were
related to intensive care (ICU); of these, 74% (98/133) were
CLABSIs. In non-ICU wards, only 27% (57/214) of the primary
BSIs were CLABSIs.

The causative agents of the BSIs varied by the origin of the
infection. In CLABSIs (N ¼ 155) the most frequently identiÞed
pathogens were coagulase-negative staphylococci (32, 21%),
Candida albicans (27, 17%), and Staphylococcus aureus (26,
17%); in other primary BSIs (N ¼ 192) Escherichia coli (27, 14%),
S. aureus (22, 11%), and coagulase-negative staphylococci (22,
11%). In secondary BSIs (N ¼ 364) most frequent were S. aureus
(96, 26%), E. coli (72, 20%), and coagulase-negative staphylo-
cocci (37, 10%). One BSI was caused by meticillin-resistant
S. aureus and 24 BSIs (3%) by extended-spectrumb-lactamase
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Figure 1. Causative agents of all postoperative bloodstream infection
number of BSIs, Helsinki University Central Hospital, 2009e 2014.
(ESBL)-producing Enterobacteriaceae. The proportion of the
most frequent pathogens in secondary BSIs varied considerably
between different surgical procedures ( Figure 1). Staphylo-
cocci were especially frequent after cardiovascular ( S. aureus
35%, coagulase-negative staphylococci 20%) andS. aureusafter
orthopaedic (73%) surgery, whereas E. coli and enterococci
were frequent after gastrointestinal (26%, 20%) and urogenital
(30%, 17%) surgery.

The two-day case fatality was 3% (21 episodes), the seven-
day 4.5% (32) and the 28-day 10% (74). The patients who died
within 28 days were older than those who survived (median
age: 69 versus 63 years;P< 0.001). The 28-day case fatality did
not differ between genders (11% in males versus 10% in fe-
males), neither between primary and secondary BSIs (9% versus
12%). Case fatality was highest in BSIs after cardiovascular
surgery (within 28 days, 21%), especially in patients aged > 65
years (Table I). None of the patients with BSIs following
gynaecologic or obstetric surgery died.
Discussion

The present study, based on hospital-wide surveillance
data, reports the risk of postoperative BSIs per operations
performed. The data highlight prominent differences in the risk
and in the source, causative agents, and the case fatality
among various surgical procedure categories.

In our hospital nearly 30% of healthcare-associated BSIs
occurred among patients with preceding surgery. The propor-
tion was slightly smaller (26%) in a previous study from the
same surveillance network including four Finnish hospitals
during 1999e 2000 [1] . A higher proportion (40%) has been re-
ported from Estonia [2] . The differences in the proportions of
the postoperative BSI in these studies may be partly related to
the number and type of operations performed and to the
comorbidities of the operated patients.
Other microbes, mixed infections

Candida albicans

Enterococcus sp.

Escherichia coli

Staphylococcus aureus

Coagulase-negative staphylococci

Pseudomonas aeruginosa

rogenital All
postoperative

BSIs

s (BSIs) and in four surgical procedure categories with highest
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To the best of our knowledge, our study is the Þrst to
evaluate the risk of postoperative BSI and to relate this to the
number of operations (1.7 per 1000 surgical procedures). The
risk varied widely between surgical specialties (0.4 e 8.7 per
1000 procedures). Accordingly, the risk of secondary BSIs was
highest in cardiac surgery in an older American study during
1986e 1992 [7] . Comorbidities, duration of surgery, blood
transfusions, duration of mechanical ventilation, complica-
tions irrelevant to the infection during ICU stay, and ICU
readmission have been shown to increase the risk of infection
after cardiac surgery [4e 6].

In our study, around half of the postoperative BSIs were
secondary. The proportion is higher than among all healthcare-
associated BSIs in Finnish hospitals (39% in 2015, unpublished
information from Finnish Hospital Infection Program by O.
Lyytika¬inen) and in Estonian hospitals (42%)[2] . The prevention
of secondary BSIs should focus on means to reduce the number
of surgical site infections, catheter-associated urinary tract
infections, and postoperative pneumonias. The range of caus-
ative agents differed between surgical specialties. S. aureus
and coagulase-negative staphylococci as a pathogen were
prevalent after cardiovascular procedures, S. aureus after or-
thopaedic procedures, E. coli and enterococci after gastroin-
testinal and urogenital procedures.

About 22% (155/711) of all postoperative BSIs were central-
line-associated and the majority of these (64%) were related to
intensive care, underlying the importance of implementation
of speciÞc guidelines and bundles in order to prevent CLABSI in
these units. In a one-day European prevalence study of patients
with preceding major heart surgery in ICUs, 2.8% of the pa-
tients had CLABSI[9] .

Of the postoperative BSIs, 27% (192/711) were primary BSIs
in patients without central lines. These infections occurred
mostly (in 82%) in non-ICU wards. A proportion of these may
have been misclassiÞed, since central line data may be more
often incomplete in non-ICU wards. However, these primary
BSIs may also have some unique risk factors, since the most
frequent causative agents in CLABSIs were coagulase-negative
staphylococci, whereas in those without central line docu-
mentation E. coli were most frequent. Thus, some of these BSIs
may be unidentiÞed surgical site infections or they may be
related to urinary tract or peripheral catheters.

The case fatality in postoperative BSIs within 28 days was
10%, which is lower than the case fatality of all healthcare-
associated BSIs in previous studies (16e 40%) [1e 3]. In fact,
preceding surgery was a protective factor for death in a
multivariate analysis of Finnish patients with and without
healthcare-associated infections [10] . This may partly be
related to preoperative assessment of potential beneÞts and
risks of surgery. In our study, the case fatality was higher in
elderly patients. It also varied considerably among different
surgical specialties (0e 36% within 28 days), being highest in
patients with cardiovascular surgery (31%).

This study has some limitations. First, we did not have in-
formation on the type and severity of the patientsÕ underlying
diseases, which certainly partly explain the observed differ-
ences in the risk and case fatality of BSIs after different surgical
procedures. Second, we did not have information on the
number of central-line-days, which is the appropriate denom-
inator to calculate CLABSI rates.

The strength of the study was that we performed a hospital-
wide surveillance and reported the rate per surgical
procedures performed. Another option would be to report
postoperative BSI rate per patient-days. However, the risk of
postoperative BSI is not evenly distributed between the
patient-days. It is highest during the immediate postoperative
period, often in ICU, and lower during non-ICU ward stay. It is
difÞcult to study the temporal trends by using patient-days,
because despite the increasing number of surgical procedures
in HUCH (9% during the study period), the surgical patient-days
have not increased (range by year: 127,595e 150,955; 131,414
for the most recent year; gynaecologic and obstetric patient-
days not included). This is likely due to the active measures
performed to shorten the postoperative stay, such as admitting
patients to the hospital not earlier than the day of surgery.

Both the rate (1.0 e 8.7 per 1000 procedures) and case fa-
tality (0 e 21%) of postoperative BSI varied considerably by the
type of surgical procedure. Both were highest after cardio-
vascular procedures and lowest after orthopaedic, gynaeco-
logic, and obstetric procedures. These Þndings may also be
related to differences in underlying risk factors of patients.
Besides BSIs related to surgical site infections, a remarkable
proportion of postoperative BSIs were associated with central
lines, providing an additional focus for preventive efforts. The
origin of primary BSIs not associated with central lines needs
further investigation. The spectrum of causative agents
differed by types of procedure, which should be considered
when choosing empiric antimicrobial therapy for postoperative
patients.
Acknowledgements

The authors wish to thank J. Ollgren for his support in data
management and the infection control staff of HUCH for
participation in healthcare-associated BSI surveillance.

Con�ict of interest statement
None declared.

Funding source
This research was supported by state funding for university-
level health research (TYH2016221).
References

[1] Lyytika¬inen O, Lumio J, Sarkkinen H, Kolho E, Kostiala A, Ruutu P,
the Hospital Infection Surveillance Team. Nosocomial blood-
stream infections in Finnish hospitals during 1999 e 2000. Clin
Infect Dis 2002;35:e14e 8.

[2] Mitt P, Adamson V, Lo÷ivukene K, Lang K, Telling K, Pa¬ro K, et al.
Epidemiology of nosocomial bloodstream infections in Estonia.
J Hosp Infect 2009;71:365e 70.

[3] Marra AR, Camargo LF, Pignatari AC, Sukiennik T, Behar PR
Medeiros EA, et al. Nosocomial bloodstream infections in Brazilian
hospitals: analysis of 2,563 cases from a prospective nationwide
surveillance study. J Clin Microbiol 2011;49:1866e 71.

[4] Nosrati M, Boroumand M, Tahmasebi S, Sotoudeh M,
Sheikhfathollahi M, Goodarzynejad H. Excess costs associated
with common healthcare-associated infections in an Iranian car-
diac surgical unit. J Hosp Infect 2010;76:304 e 7.

[5] Horvath KA, Acker MA, Chang H, Bagiella E, Smith PK, Iribarne A,
et al. Blood transfusion and infection after cardiac surgery. Ann
Thorac Surg 2013;95:2194e 201.

[6] Lola I, Levidiotou S, Petrou A, Arnaoutoglou H, Apostolakis E,
Papadopoulos GS. Are there independent predisposing factors for

http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref1
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref2
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref2
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref2
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref2
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref3
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref3
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref3
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref3
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref3
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref4
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref4
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref4
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref4
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref4
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref5
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref5
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref5
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref5
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref6
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref6


.

f-

K. Skogberg et al. / Journal of Hospital Infection 99 (2018) 89 e 93 93
postoperative infections following open heart surgery?
J Cardiothorac Surg 2011;6:151.

[7] Horan TC, Culver DH, Gaynes RP, Jarvis WR, Edwards JR, Reid CR
Nosocomial infections in surgical patients in the United
States, January 1986e June 1992. Infect Control Hosp Epidemiol
1993;14:73e 80.

[8] Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC de
initions for nosocomial infections, 1988. Am J Infect Control
1988;16:128e 40.
[9] Bouza E, Hortal J, Mun÷oz P, Pe«rez MJ, Riesgo MJ, Hiesmayr M, Eu-
ropean Study Group on Nosocomial Infections and the European
Workgroup of Cardiothoracic Intensivists. Infections following ma-
jor heart surgery in European intensive care units: there is room for
improvement (ESGNI 007 Study). J Hosp Infect 2006;63:399e 405.

[10] Kanerva M, Ollgren J, Virtanen MJ, Lyytika¬inen O, Prevalence
Survey Study Group. Risk factors for death in a cohort of patients
with and without healthcare-associated infections in Finnish
acute care hospitals. J Hosp Infect 2008;70:353e 60.

http://refhub.elsevier.com/S0195-6701(17)30545-5/sref6
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref6
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref7
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref8
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref8
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref8
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref8
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref9
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref10
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref10
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref10
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref10
http://refhub.elsevier.com/S0195-6701(17)30545-5/sref10

