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Abstract

Background: Mediastinitis is a serious complication of openshesurgery associated with high
mortality, considerable healthcare costs and pg#drhospital stay. We examined characteristics and
incidence of mediastinitis during 29 years whenidations and patient material have been in a

process of change.

Methods: A retrospective population-based study comprisithgnadiastinitis patients over 16 years
of age after open-heart surgery between 1990-2@h8 & population of 1.7 million. Patient records of
50 mediastinitis patients from 2004-2014 were neei@ and compared to 120 patients from 1990-

1999.

Results: Annual mediastinitis rate varied 0-1.5 % with ard@sing trend - from a level exceeding 1.2
% to about 0.3 % - over the study period. In 200442 patients with mediastinitis were older, more
often smokers, had more often diabetes and resafficiency than in 1990-1999. No difference in
length of hospital treatment, antibiotic prophykar treatment, ICU treatment or mortality was
observed between 1990-1999 and 2004-2014. CABGheetzss common and valve replacement and
hybrid operations more common among operationsidgaih mediastinitis Saphylococcus aureus
increased (from 25% to 56%, p = 0.005) while coagelnegative staphylococci (46% to 23%, p <
0.001) and Gram-negative bacteria (18% to 12%,033) decreased as causative agents. Surgery

for mediastinitis remained similar except introdostof vacuum assisted closure treatment.

Conclusions: The rate of mediastinitis decreased during these/eézis. No difference in 30-day

mortality in mediastinitis was seen, 0.9 % in 199®9 and 2.0 % in 2004-2014.
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BMI Body Mass Index

CABG Coronary Artery Bypass Graft

CDC Centers of Disease Control and Prevention
CoNS Coagulase Negative Staphylococci

COPD Chronic Obstructive Pulmonary Disease
GOLD Global Initiative for Chronic Obstructive Lun
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HUCH Helsinki University Central Hospital

ICU Intensive Care Unit

IQR Interquartile range

MRSA Methicillin Resistant Staphylococcus Aureus
PCI Percutaneous Coronary Intervention

VAC

Vacuum Assisted Closure




Mediastinitis is a serious deep infection complaatfter open-heart surgery which occurs in 023-4.

1-4,6,11,12
% ’

% of operations*™ It is associated with significant mortality beeve7.7 - 33 prolonged

hospitalization, higher healthcare costs, and desem long-term survivaf**

New less invasive methods to treat coronary antgsgase and valve diseases have been developed
and increasingly used®. Today most of the coronary artery disease patieme treated by
percutaneous coronary intervention (PCI), ballotasty or stenting in Helsinki University Central
Hospital (HUCH). The annual number of coronary grtgy-pass grafting has decreased from 1200 to
average 500 operations, while the number of anR@ill procedures have increased to over 3000.
Transcatheter aortic valve implantation startedd@8. The number of these procedures has increased
quickly and now they are more common than openttugsarations. Furthermore, mitral valve leakage
has corrected via minithoracotomy since 2007. Tlse wf new methods has changed the
characteristics of the patient material. Average afj patients who underwent cardiac surgery has

increased and they have had more co-morbidities

The most common causative agents in mediastiargsStaphylococcus aureus, coagulase-negative
staphylococci and aerobic gram-negative bactefiatimicrobial resistance among them has become
more common which in many countries has seen edfyeeimongS. aureus'’. The aim of this
population-based study was to track progress initlbaence and management of postoperative

mediastinitis over two separate time periods, ngrh890-1999 and 2004-2014.

Patients and M ethods

We identified from the HUCH hospital register ofeogtions all patients over 16 years old who
underwent coronary artery bypass grafting (CABG)valvular operation and from the register of
healthcare-associated infections all patients wénelbped mediastinitis between October 2004 and
October 2014. HUCH serves as the only tertiary caréiac surgery center for a population of over
1.7 million (population of Finland is 5.5 millionRiagnosis of postoperative mediastinitis was based

on modified criteria of the Centers for Disease t@rand Prevention (CD&) including at least one



of the following: 1) patient had organisms culturedm mediastinal tissue/fluid, 2) evidence of
mediastinitis on gross anatomical/histopathologiesamination, 3) at least one of the following
symptoms: fever (>38°C), chest pain or sternahinifity and purulent drainage from mediastinal area

or mediastinal widening on imaging.

Patient records on those who had mediastinitis detwOctober 2004 and October 2014 were
reviewed from electronic patient records. We ineldighatient data from an earlier study by Eklund et
al' done with similar setup in the same hospital aatthiment area between January 1990 and
December 1999. Between January 2000 and Septe20odr and 2015-2018 only the amount of

annual cardiac surgeries and mediastinitis werd (FSgure 1).

The following preoperative information was recorded each patient: sex, age, McCabe score of
underlying diseasé&$ preoperative hospital care in days, diabetesl@ssified by the World Health
Organization), smoking (during the prior 3 monttigte operation), chronic obstructive pulmonary
disease (COPD, classification according the GOL&ey"), renal insufficiency (plasma creatinine
over 100 pmol/l on the day preceding the operatiBojly Mass Index (BMI), left ventricular ejection
fraction and ASA-clagd Information about the operation included: dumatiadequate antibiotic
prophylaxis (target 30-60 min prior to the opemaji@nd type either as emergency, primary or

reoperation due to a complication.

For postoperative phase, we recorded the followieggth of antimicrobial treatment, surgical
treatment (only revision, revision and refixatianediastinal irrigation, vacuum assisted closure
therapy (VAC), flap reconstruction, wire removateafor at the end of the treatment), duration of

ventilator and intensive care unit (ICU) treatmend use of tracheostomy.

IBM SPSS 24 was used for the statistical analySegegorical variables were summarized using
counts and percentages. Continuous variables wearemarized using mean, standard deviation,
median, first and third quartile, min and max valué p value less than 0.05 was considered
statistically significant. Continuous variables werompared with independent samples T-test or
Mann-Whitney’s test, proportions with Chi-squarstt€Change in the incidence of mediastinitis over

time was analysed with Chi-square test for lineamd.



Results
Sudy population and cases of mediastinitis

The annual amount of cardiac operations has chamhgeadg the study period (Figure 1). In 1990, 683
operations were performed with nine cases of madias (incidence 1.3%). The annual amount of
cardiac operations increased until 1999 (1534 dipers). In 1999—200@CI frequency exceeded the
annual numbers of CABG which dropped from its hgghever 1200 annual operations in 1998 to 500
in 2001. Interestingly, the number of open-heamtrapons has since then been increasing (841 in
2007 and 1199 in 2014). During the study period, ititidence of mediastinitis varied from 0% in
2014 to 1.5% in 1991. The average proportion ofeptd with mediastinitis decreased during study
periods 1990-1999, 2000-2003 and 2004-2014 wereé %90.85 % and 0.49 %, respectivety <

0.01).

Patients with postoperative mediastinitis were ifigantly older during 2004-2014 (mean age
65.8+9.1 years) in comparison to 1990-1999 (59%y8arsp < 0.001, Table 1). More than 80% of
patients with mediastinitis were male in both stydyiods and there was no difference in the BMI
between 1990-1999 and 2004-2014. Smoking was signtfy more common in 1990-1999 (68.9%)
as compared to 2004-2014 (38.080x 0.001). Preoperative hospital stay was simitaedian 2.0 vs
1.0 daysp = 0.972) and most patients received adequateiatitiprophylaxis (65.7% vs 61.9%,=

0.584) during 1990-1999 and 2004-2014, respectively

From 1990-1999 to 2004—-2014 the proportion of plaABG decreased significantlirom 83.3% to
54.0% (p = 0.011, Table 1) among the operations l#th to mediastinitis. However, more valve
replacements (22.0% vs 9.2%,= 0.043) and hybrid operations (valve replacemeitth CABG,
14.0% vs 4.2%p = 0.051) were performed during 2004-2014 amongepts with mediastinitis as
compared to 1990-1999. No difference in the medfration time (210 vs 241 minutgss= 0.185)

was detected between 1990-1999 and 2004—-2014.



Micrabiological etiology

Time from operation to diagnosis of mediastinitisreased from 1990-1999 to 2004-2014 (median 12
vs 16 daysp = 0.022). During 1990-1999, microbiological etigjoof mediastinitis was confirmed by
culture from 109/120 (91%) and during 2004 - 20id@nTt 35/50 (70%) patients. Microbiological
diagnosis was based mainly on wound or mediastintires (Table 2). Minority of the patients were
bacteremic in both periods (20% vs 308 0.028). Gram-positive bacteria constituted mgjaof
microbiological findings in both 1990-1999 (82%)dah004—-2014 (89%). However, within 1990—
1999, the most common pathogens were coagulaséveegtphylococci (CoNS, 46% of all isolates)
and within 2004—-201&aphylococcus aureus (56% of isolates) (Table 2). No cases with metlmicil
resistantSaphylococcus aureus (MRSA) were detected. The proportion of Gram-nizgabacteria in
microbiological cultures decreased significantiygni 18% during 1990-1999 to 12% during 2004-

2014 p = 0.033).

The incidence of mediastinitis peaked in 2007 & imicrobiological findings during that year
showed no single causative agel®aphylococcus aureus constituted 31%, CoNS 15% and

enterococci 15% of isolates in 2007.

Treatment and outcome

During both 1990-1999 and 2004-2014 majority ofgrds were treated with mediastinal revision,
irrigation and refixation but flap reconstructionere rarely needed (Table 3). During 2004-2014
mediastinitis was treated significantly more ofteith VAC (10.0% vs 0.0%, p = 0.024) as compared
to 1990-1999. During 2004-2014, the median lengthaotimicrobial treatment was 182 days
(minimum 10 -days, maximum 401 days, IQR25 98 dayd HQR75 252 days). There was no
difference in either short term (30 days) or loag¥ (1 year) mortality between 1990-1999 and 2004-

2014 (Table 1).



Comment

Our study showed that the number of open-heartatipes decreased after 2003 but became more
common again towards the later part of the observgieriod in 2010’s. The annual postoperative
mediastinitis rate was 0.76% during the whole olzs@yn period and varied from 0 to 1.5% with a
significant decreasing trend between 1990-2@18 (.01) especially towards the last years of the
study. Our study doesn't reveal a clear reasorthigrtrend. Patients with mediastinitis in 2004-201
were significantly older, less often smokers arey/thad less often only CABG operation as compared
to patients with mediastinitis in 1990-1999. Ndetience in other patient characteristics or treatin

like antibiotic prophylaxis, length of ICU stay wentilator days was seen between 1990-1999 and
2004-2014. Majority of all mediastinitis cases weagised by Gram-positive bacteria but a shift from
CoNS toS aureus as the most common pathogen was seen. Gram-negattteria were significantly

less common in 2004-2014 as compared to 1990-1999.

In earlier studies made in the 1990’s or 2000’'sdifference in the incidence of mediastinitis (0.7—
2.2% vs. 0.8-4.296)**** or in the average age of patients between (56esws. 56-64 years}™
can be seen. Unlike in previous studies, we obdeaveignificant increase in the age of mediassiniti
patients from 1990-1999 to 2004-2014. Our data mlbesveal if there has been a too strict age
criteria for the operation in the earlier studyipéror if younger patients have been treated less
invasively (with PCI) during 2004-2014. However, 2004-2014 more complicated operations with
simultaneous CABG and valvular operation were dsigaificantly more often than during 1990-
1999. We also observed a major shift in bacteti@logy from coagulase negative staphylococci to
Saphylococcus aureus. In contrast to our results, the proportionSfaureus as a causative agent
decreased from 50 % to 37 % in one study lookirangks in mediastinitis between 1996 to 2814

In other studiesS aureus has been the most frequently reported pathogepost-sternotomy
mediastiniti$®?’. In HUCH, vancomycin together with cefuroxime weised in the 90’s as antibiotic
prophylaxis and iodine was changed to ethanol ated to chlorhexidine alcohol in skin preparation.
No nasal mupirocin or staphylococcal colonizatiesting were performed, or chlorhexidine mouth

washes used. The median length of stay in hodpifalre operation did not differ between 1990-1999



and 2004-2014, offering no explanation to the desweof coagulase negative staphylococci and

Gram-negative bacteria among causative agents diistanitis.

The proportion of blood culture positive infectidnsreased somewhat between 1990-1999 and 2004-
2014 but this could be related to the increasemiémce ofS. aureus. Although the annual incidence

of mediastinitis varied greatly, we observed a ghése in one year in 2007. A common causative
agent or any other evident reason behind it cotllom’seen. The entire patient process from ward to
operating room, operation site preparing, antibiptiophylaxis and the perioperative and wound care
were reviewed by the hospital infection controlnbesn 2007 and again in 2010-2011. However, no
major changes were done into any parts of the tioiegorevention bundle and cefuroxime was
continued as the prophylactic antibiotic. Althoudiime causality cannot be shown the data suggests
that strict adherence to the infection preventiondle may have affected the lower mediastinitie rat
in the subsequent years. Antibiotic prophylaxis waequate in only 62% (1990-1999) and 66%
(2004-204) of operations but our definition for gdacy was fairly strict and administration only 30-

60 minutes before the operation was accepted. (E@ju

Our study is unable to compare the surgical teclesicpetween the study periods. However, a major
shift toward more complex surgery was observed gnpatients suffering mediastinitis in 1990-1999
to 2004-2014. Minimal invasive surgery was usest fiince 2007. Furthermore, admission to hospital
on the operation day was initiated first 2011 amulgmged preoperative hospital stay before surgery
may increase the risk of surgical site infectidgisfortunately, we were not able to retrieve datahmn

day of admission and the study cannot reveal issipte effect on the reduction of mediastinitis.

Somewhat surprisingly we observed no greater clmingehe surgical treatment of mediastinitis
between 1990-1999 and 2004-2014. Roughly one tfindatients were treated without surgery in
both periods. VAC was a new treatment in which reterwires and all debris are removed,
restabilization of the sternum is performed and VA&t@rapy is employed. Wound closure and
subsequent reconstruction were performed usingctogadis muscle plasty. VAC was introduced
during 2004-2014 but it was used only in 10 % digmas In 2004-2014, the median duration of

antimicrobial treatment for mediastinitis was 18®4 which can be considered long — even though
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there are no good quality comparative studies abntimicrobial treatment duration. Unfortunately,
antibiotic treatment and its duration was not rdedrin the first study period. It has to be noteat t
antibiotic treatment was longer and surgical treathhess common in our study than generally applied
in treatment of mediastinitis, which might haveoatontributed to the higher incidence of culture-

negative mediastinal infections.

Mortality in mediastinitis within 30 days was extrely low in both study periods as compared to
other studies with similar patient and operatioarabteristics (0.9% — 2.0% in our study vs. 7.7 —
33% in other studiéd®™". The study was made in the low antibiotic resistaared® and no cases

due to MRSA were seen which may partly explainite mortality rate.

Our study has strengths in its population-basedupetind it included all patients coming from the
same catchment area and they were all operatéw isatme hospital. Our study had also long follow-
up time and there is only one study with almostaédang follow-up?. Although, closer patient
record review was done in two separate sets, tme saiteria for mediastinitis and data collection
were used. The retrospective nature is the maiitalimon of this study. Secondly, although we have
had continuous active surveillance of infectiongeratardiac surgery with similar criteria throughou
the study period, we cannot exclude the possibilist some cases of mediastinitis might have not
been noticed. Thirdly, severity of the surgicag sitfection was not graded by the same physician fo
both 1990-1999 and 2004-2014, yet the same CDE€rieritvere applied. Due to infrequent surgical
treatment we had to use radiological criteria dreddlinical presentation for mediastinitis quiteeof
which decreased microbiological confirmation aslweburthly, comparison of detailed medical data
of mediastinitis and all operated patients waspuassible. Fifthly, we did not have access to blood
transfusion data where changes could have afféab&dnfection risk. We did not include children,

heart transplants or operations on congenital luedetcts.

In conclusionthe rate of postoperative mediastinitis decreaggfieantly during the study period.
The 30-day mortality in mediastinitis remained gptamnally low andStaphyl ococcus aureus took the

place of the most common causative agent from daagunegative staphylococci.
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Table 1: Characteristics of the patients with post-surgmadtliastinitis in 1990-1999 and 2004-2014

in Helsinki University Hospital. Number of patiesndd (%) within groups are shown when not

otherwise stated.

Variables 1990 — 1999 2004 - 2014 p value
(n=120)* (n=50)
Age (mean +/- SD) 59.6 +/-9.9 65.8 +/- 9.1 <0.001
Male 99 (82.5) 41 (82.0) 0.938
BMI (mean +/- SD) 29.0+/-4.1 29.1 +/-5.2 0.928
Cardiac ejection fraction 0.54 +/- 0.15 0.49 +£2. 0.061
Diabetes 25 (20.8) 16 (32.0) 0.176
COPD 16 (13.3) 13 (26.0) 0.076
Renal insufficiency 5(4.2) 8 (16.0) 0.021
Smoking 82 (68.9) 19 (38.0) <0.001
LOS before operation (days, 2.0,1.0,3.0 1.0, 1.0, 4.3 0.972
median, IQR25, IQR75)
Type of operation
Valve replacement 11 (9.2) 11 (22.0) 0.043
CABG 100 (83.3) 32 (54.0) 0.011
Valve replacement and CABG 54.2) 7 (14.0) 0.05
Other 4 (3.3) 0 (0.0) 0.453
Reoperation 15 (12.5) 0 (0.0) 0.249
Adequate antibiotic prophylaxs | 69 (65.7) 26 (61.9) 0.722
Operation time (minutes, median,210, 175, 250 241, 200, 270 0.185
IQR25, IQR75)
Ventilator treatment over 48h 9 (7.5) 6 (12.0) 851
ICU treatment (days, median, 2.0,1.0,2.8 2.0,1.0,4.0 0.309
IQR25, IQR75)
Tracheostomy 3(2.5) 1(2.0) 0.839
30-day mortality 1(0.9) 1(2.0) 0.523
1-year mortality 10 (8.7) 5 (10.0) 0.729

Data are presented as number (%) or mean/mediaatients.
BMI, body mass index; CABG, coronary artery bypaisdt; COPD, chronic obstructiv
pulmonary disease; ICU, intensive care unit; LO®th of hospital treatment

%Eklund et aft

Adequate antibiotic and given 30-60 min beforedperation

D

15



Table 2: Microbiological findings in patients with mediastis after cardiac surgery grouped
according to sampling site and study period eithé990-1999 or 2004-2014. P-values are calculated
between these two study periods from all samplegyushi-square test.

Wound Drains M ediastinum Blood All
; 1990- | 2004- | 1990-| 2004- | 1990- | 2004- | 1990-| 2004- | 1990- | 2004-
Microbe
1999 | 2014 | 1999 | 2014 | 1999 | 2014 | 1999 | 2014 | 1999 | 2014 | p value
n=109| n=24 | n=36 n=2 n=67 n=11 n=24 n=15 n=236 n552
Gram-positive 91 21 25 2 57 10 21 13 194 46 0216
bacteria (83.5) | (87.5)| (69.4)| (100.0)| (85.1)| (90.9)| (87.5)| (86.7) | (82.2) | (88.5) '
52 7 15 2 34 2 7 108 12
CONS 47.7)| (29.2)| 41.7)| (100.0)| 50.8)| (18.2)| (29.2)| 1 ®-)| (a5.8) | (23.1)| <0001
S aureus 22 10 10 0 14 8 13 11 59 29 0.005
(20.2) | (41.7)]| (27.8) (20.1) | (72.7)| (54.2)| (73.3) | (25.0) | (55.8) '

Str. viridans (238) 0 0 0 0 0 0 0 3(1.3 0 0.32]
. 3 3 3 1 4
Enterococci 2.8) | (12.5) 0 0 (4.5) 0 4.2) 1(6.7)| 7 (3.0 (7.7) 0.335

. 6 1 4 10 1
Cutibacte? 55 | (4.2) 0 0 (6.0) 0 0 0 @2) | (1.9) 0.391
Other Gram- 5 2
positives (4.6) 0 0 0 (3.0) 0 0 0 7 (3.0 0 0.278
Gram-negative 16 3 10 0 8 1 3 2 42 6 0.033
bacteria (14.7) | (12.5)| (27.8) (11.9)| (9.1) | (12.5)| (13.3) | (17.8) | (11.5) '

: 2 1 1
E. coli (1.8) 0 0 0 (1.5) 0 (4.2) 0 4 (1.7) 0 0.577

. 1 1 4 3 1
Klebsiella sp. 0.9) | (4.2) | (11.1) 0 (4.5) 0 0 0 8(3.4) (1.9) 0.278

. 2 1 2 2
Serratia sp. (1.8) 0 0 0 0 0 42) | 13.3) 3(1.3) (3.9) 0.763

1 1 1 1
Enterobacter sp. (0.9) 0 2.8) 0 (1.5) 0 4.2) 0 4(1.7) 0 0.577
. 3 2 2

Acinetobacter sp. 2.8) 0 (5.6) 0 (3.0) 0 0 0 7 (3.0) 0 0.278
Pseudomonas 3 2 3 1 3
aeruginosa 28 | 83| @3 | ° O | 91| © 0 | 6(@25) g | 0518
Senotrophomonas 2 1
maltophila (1.8) 0 0 0 (1.5) 0 0 0 3(1.3) 0 0.755
Other Gram- 2 4
negatives (1.8) 0 0 0 0 0 0 0 2 (0.9 0 0.421
Mycoplasma 2 1 2
hominis as)| 9 el 9 |@o| O | O 0 |51 0] 0448

Data are presented as number (column-%) of patients

CoNS, coagulase negative staphylococci
*Eklund et af
®Formerly Propionibacter
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Table 3: Surgical treatment of patients with postoperatediastinitis in Helsinki University
Hospital catchment area between years 1990-1992@0w 2014

Treatment 1990 - 1999 2004 - 2014 p value
(n=120)% (n=50)

No surgical treatment 39 (32.5) 18 (36.0) 0.662
Only wound revision 1(0.8) 1(2.0) 0.520
Revision and refixation 73 (60.8) 29 (58.0) 0.810
Mediastinal irrigation 64 (53.3) 31 (62.0) 0.299
VAC 0 (0.0) 5 (10.0) 0.024
Flap reconstruction 12 (10.0) 6 (12.0) 0.701

Data are presented as number (%) of patients

VAC, vacuum assisted closure therapy

¥Eklund et aft
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Figure Legends

Figure 1: Number of operations performed and rates of méditis in 1990-2018 together with the
regression line in Helsinki University Hospital whitakes care of all cardiac operations from a
population of over 1.7 million. A significantly deasing trend in the rate of mediastinitis was
observed using Chi-square test for linear trgnd 0.01). Number of annual operations are shown as
bars and refer to left side y-axis. Annual ratenediastinitis (%) is shown as the orange line afierr
to right side y-axis. Linear trend is drawn as klkice.

Figure 2: Timeline with changes made in the surgical oratita prevention techniques.

2 Quality program included surgical and cardiopulamgrbypass recommendations as well as peri-
and postoperative care.

® The entire patient process from the ward to trerapg room, operation site preparing, antibiotic
prophylaxis and the perioperative and wound care
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1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

= Number of cardiac operations (N) —Rate of mediastinitis (%)

——y =-0,0003x +0,0122 R*=0,4813
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