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Abstract

Background- Purulent mediastinitis is an unusual complication of median sternotomy. This

complication often occurs shortly, usually within two weeks, after surgery. This study has
been planned to clarify the situation of life-threatening infectious complications after
surgical operations at our center and to better the ways of prevention as much as possible.

Methods- In this study, &l the patients who had undergone median sternotomy were observed

over a 4-year period. The documentation of the diagnoses was completed, information
about the patients including demographic characteristics, type of surgery, pre-, intra- and
postoperative risk factors, clinical and laboratory findings, etiological diagnoses,
responsible organisms, management methods and finally the outcome of the patients were
collected and analyzed by a statistical software (SPSS-Win).

Results- This review comprised 2115 patients who had undergone median sternotomy.

Thirteen of them (0.61%) suffered from post-surgical purulent mediastinitis. The type of
surgery was 38% coronary artery bypass grafts (CABGSs), 23% aortic valve replacement
(AVR) + CABGs, and 23% vave replacement or repair. Forty-six percent of the
mediastinitis patients were obese, 46% hypertensive, 38% smokers, 38% had a history of
previous MI, 15% had preoperative creatinine > 1.2, and 15% needed preoperative intra
aortic baloon pump. The mortality rate was 31%.

Conclusion- This complication is distinguished by its clinical manifestations and positive

culturing from the mediastinum. Microbia etiology is influenced by the source of
contamination and must be recognized for any center separately. A combination of
antimicrobial therapy and surgical intervention has better results. A better evaluation of
the patients’ preoperative conditions, promotion of surgical techniques and preventive
measures, and an early diagnosis of mediastinitis will be effective in the reduction of this
complication. (Iranian Heart Journal. 2002, 2003; 3(2& 3): 24-32)
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ediastinitis is an inflammation and

infection of the space between the
two pleurd cavities in the thorax.
Microorganism seeding during surgery and
median sternotomy for access to the heart,
great vessels and thoracic contents is one
of the ways that infection involves this
space. By reviewing 10 reports during
1970-1983, Sarr and colleagues showed
that the overal incidence of mediastinitis
was 4-5%." Further reviews of 10 studies
between 1986 and 1995 on more than
59,000 patients who had undergone

median sternotomy for open heart surgery
indicated the average incidence was 1.3%.?
The incidence of mediastinitis was
decreased to 2.2%, 0.4% and 0.25% in the
last studies™ and the lowest incidence
rate, 0.15%, was reported by Blanchard et
a. in 1995.° In some conditions such as
cardiac transplantation, the incidence of
mediastinitis remarkably increases up to
7.5% due to immunosuppressive therapy.®
During outbresks, its incidence can
increase even up to 23.7%,” and the use of
mechanical devices such as artificial heart
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can increase its incidence up to 35.7%.’
Although mediastinitis is not common
after open heart surgery, its occurrence
threatens the integrity of mediastinal great
vesels, and sometimes causes fata
bleeding. On the other hand, it causes
infection in aortic stitches, artificial grafts,
prosthetic valves and can even result in
septicemia. %8 Different factors
considered a  the preoperative
predisposing factors include diabetes
mellitus, obesity, smoking, previous
sternotomy, chronic obstructive pulmonary
disease (COPD), large breast size, lengthy
preoperative stay in the hospital, skin
shaving method, low cardiac output state,
emergency surgery, endocarditis, active
infection in distant focuses, serum CRP
and adbumin level, and a history of
previous radiation of mediastinum. The
intraoperative factors include operation
time, pump time, aorta clamp time, the
kind of sternotomy saw, method of closng
the sternal wound, high volume of
bleeding during surgery, using internal
mammary artery  (IMA)  especialy
bilaterally. The postoperative factors are
redo sternotomy, a lengthy ICU stay,
mechanical ventilation of more than 48
hours, tracheostomy, cardiopulmonary
resuscitation (CPR), existence of infection
in the site of the removal of saphenous
vein, long persistence of inserted drains,
and pacemaker wire and unstable
hemodynamics.** " Diagnosis is often
clinicl and easy, but sometimes
paraclinical complementary methods are
needed.® Once mediastinitis occurs,
another operation for pus drainage and
debridement will be necessary. This
operation entails a long ICU stay, which
results in increased expense and
mortality*?. The extent of surgery varies
from a simple drainage procedure to
advanced plastic surgery.”® The cost to
these patients will be at least three times as
much as that to patients without this
complication.** Recognizing risk factors,
preventive measures, an early diagnosis
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and correct management can help its
relative  control.  Unfortunately, the
mortality rate of post surgical mediastinitis
is about 14-55%.%'%%

M ethods

This study includes al the patients who
underwent sternotomy in our center between
September 1996 and August 2000. Having
undergone surgery on an either eective or
emergency basis, the patients were observed
for the appearance of any kind of infectious
complications. Preoperdtive preparations
were the same for dl the patients. The
patients recelved cefazolin @ as  the
chemoprophylaxis.

The sdlection of the patients
For highrisk patients, infectious disease
pecidist consultation was carried out, and
those patients who had one of the following
characteristics were chosen as candidates for
deep sternal wound infection:
1- Ingability and dernd  wound
dehiscence,
2- Chest pain,
3- Body temperature> 38,
These characterigtics in addition to sternd
wound purulent discharge or a postive
culture of thewound or positive blood culture
confirmed the diagnosis
The patients who did not have apparent signs
in the wound were further studied by imaging
techniques (CXR and CT scan). Findly, the
patients who were confirmed dinicaly for
mediastinitis were chosen as candidates for
reexploring, and if pus was detected in
mediastinum or thee was a podtive
mediastind culture, they entered the study as
definite post surgical purulent mediastinitis.
Demographic characterigtics, predisposing
factors for infectious complications, clinica
symptoms and signs, laboratory findings,
etiological diagnoses, management methods
and outcome of the patients were studied in
al the mediagtinitis cases Our first goal was
a case-control study so as to andyze the
results and specidly evaluate the influence of
risk factors in cresting mediadinitis, but
because of the low number of patientsin the
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above-mentioned time period, we only
managed to perform adescriptive expression.

Reaults

During 1996-2000, 2115 sternotomies were
conducted in this center. This gpproach was
done in 1155 casesfor coronary artery bypass
grafts (CABGs); in 665 cases for valve
replacement, and in 295 cases for repairing
the congenital heart disease and other surgicd
operations on the pericardium or heart. Table
| shows demographic characterigtics, the kind
of operation and preoperative predisposing
factors of the patients with mediagtinitis.

Table |. Demographic characteristics, type of
operation and preoperative predisposing factors of
patients with mediastinitis.
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34/F AVR, MVR 0 55
52/M AVR, CABG O,'\AH' 50
24/F MVR 50
35/M CABG S M 40
43IM CABG SM-B 25
10/M TOFA PS(2
yr ago)
55/M AVR, MV S 40
repair
52IM MVR, CABG [ 5
S H,
73M CABG R
Pericardiectomy
41/M (CP) A4 S H 55
0, D,
65/F CABG H, M, 35
B
63/M CABG O,'\AH' 45
63/F MVR, CABG O, H 60

* AVR = aortic valve replacement, MVR = mitral valve replacement,
CABG=coronary artery bypass graft

** O=obese, D=diabetic, S=smoker, H=hypertensive, C=history of
COPD, M =history of MI, E=history of endocarditis
RF=renal, failure (Cr > 1.2),

B=need for balloon pump, PS=previous sternotomy

*** | VEF=left ventricular ejection fraction.

A Tetralogy of Fallot

A A congtrictive pericarditis

Except for one of the patients who was a
child of 10, the average age of adultswho had
purulent mediagtinitis was 51.6 + 4.70 years
and the male to femaleratio was 2.25:1.
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The excess weight in 85% of the cases was
more than 10% and 45% of the cases were
more than 30% overweight compared to the
ideal body weight. The surgicd operation in
23% of the mediadtinitis cases were
emergent. Their average preoperative
hospitdization time was 10.6 (1-22) days In
dl of the CABG patiets the internd
mammary artery was used (87.5% left IMA
and 12.5% bilaterd); their average pump time
was 162 (82-327) minutes Twenty-three
percent of the patients had a low cardiac
output state on getting off the pump. In 7
patients (54%), the sternum was re-explored
to control bleeding (oncein 5 cases and twice
in 2 cases). Thirty-one percent of the patients
received more than 1000 blood in the
operation room and ICU. Acute tubular
necrosis (ATN) occurred in one patient
(7.5%).

The average time between the primary
operation and the diagnosis of
mediastinitis was 9.3 (4-17)
days, and the patients were under
mechanical ventilation for 80 (11-432) hours
before mediagtinitis was recognized. The
important clinical and laboratory findings
of our patients are shown in Table ll.

Tablell. Important clinical and laboratory findings

Fever 92.5%
Purulent discharge 85%
Anorexia 85%
Local erythema 7%
Sternal dehiscence 61.5%
Chedt pain 23%
Mild to moderate | eukocytosis 92.5%
M ediastinal widening on CXR 23%

Chest CT-scan before re-exploring the
dernum was necessary in 5 cases. These
patients had multiple gas bubbles, air-fluid
levels, soft tissue swelling, and concentrated
collections behind the sternum.

Their mediagtinitis having been diagnosed,
each patient stayed in ICU for an average 40
(6-80) days. Before the patients went on
antibiotics, the blood culture result was
negative in 8 out of 13 mediadtinitis cases
(61.5%). The results of mediastind fluid or
pus culture, management methods and
patients’ outcome are shown in Tablelll.
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Table I11. Etiological diagnosis, management and
outcome of patients complicated with purulent
mediastinitis
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VAN,
. GEN, Dis.
C. albicans WD Ol RMP. Morb.
AMB#
CEF,
2 K. ozenae WD Ol AMK, Exp.
CIP
CEF, Dis.
3 E. aerogenosa WD ClI AMK,
Morb.
CIP
VAN, Dis
4 | S aureus(MR) WD CI AMK, Im
RMP P
VAN, Dis
5 S. aureus (MR) WD Ol RMP, CIP Imp.
VAN,
6 | S aureus(MR) WD CI AMK, Exp.
RMP
. CIP, Dis
7 K. pneumoniae WD CI AMK Imp.
. . WD Ol VAN, Dis
8 | Sepidermidis opP RMP,CIP | Imp.
9 | c freundi WCD)PO' CEF,CIP | Exp.
1 S enidermidis WD Ol VAN, Dis
0 e opP RMP,CIP | Imp.
1 VAN, Dis P.
1 S. aureus (MR) WD Ol RMP Imp.
1 CEF,
P. aeroginosa WD Ol AMK, Exp.
2
CIP
CFX, .
! E. dloacae WD Ol AMK, Dis.
3 cip Morb.

* WD=wound debridment, Ol=open irrigation, Cl=closed irrigation,
OP=omentopl asty using omental flgp

**\VAN=Vancomycin, RMP=Rifampin, CIP=Ciprofloxacin, AMB
=Amphotricin B, GEN=Gentamicin, AMK=Amikacin, CEF=Ceftazidim,
CFX=Ceftriaxone

***MR=Meticillin resistant

# The patient no.1 had been treated for dong time as culture negative
mediastinitis, but in spite of the primary relative clinical improvement,
with failure of infection control in patient, the next sudies showed
candidal mediastinitis.

+Dis.  Morb=discharged with  morbidity, Exp.=expired, Dis.
Imp=discharged with improvement, Dis. P. Imp=discharged with partial
improvement

After the diagnoses were confirmed,
antibiotics were given intravenoudy for an
average 34 (7-100) days. Mortdity was 31%
(4 cases). The patients who survived were
followed up to at least 20 months and none of
them relapsed. In two cases of the survivors,
hearing threshold reduction due to drug-
ototoxicity occurred and in one case
aubglottic  tracheal narrowing due to
prolonged intubation occurred.
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Discussion

Mediastina  infection  after  median
sternotomy aways causes fear in cardiac
surgical operation teams, but usudly the kind
of surgica operation on the heart does not
have dgnificant effects on mediastinitis
incidence.*> Cheung and colleagues (1985)
showed the high incidence of mediadtinitis
occurring _in  the vave replacement
operations® but Grmoljez et d. (1975)
reported that 9 out of 10 casesof post surgicd
mediastinitis occurred after coronary artery
bypass grafts (CABGs) and only 1 case
happened after mitral valve replacement.?
Although some reports have shown the
high incidence in women®® and some in
men,>*1"2* it seems that age and sex do
not have significant effects on the
incidence of mediastinitis.'® The source of
mediastinal infection is often topical and it
occurs after a surgical wound is seeded by
the flora of the patient's skin, the surgeon’s
hand and nasal flora,” or surgical operation
tools contamination?*® It is rarely
secondary to bacteremia® Predisposing
and risk factors of post surgical
mediastinitis have been studied with
univariate and multivariate anayses in many
literatures, but there is controversy over the
influence of many of these factors. Arnold’s
study on the circulation and blood supply of
52 autopsed sternums using contrast media
led to the theory of high probability of
ischemia and susceptibility for sternd
infection after usng the internd mammary
artery (IMA) asan arterid conduit, especidly
in the bilaterd form.* This theory was
confirmed by Grover and colleagues (1994)
study on more than 14000 cases of open-
heart surgery.”® But a recent study by
Baskett et a. (1999) on 9771 patients has
not confirmed the relationship between using
this arterg and the incidence of mediastinad
infection.” In the report of this group, the
influence of diabetes melitus, rend
insufficiency, smoking, sex, age, reoperation,
obesity, using steroid, post surgical long term
mechanical vertilation, needing inotropes, the
amount of bleeding and blood transfusion
during and after surgery have been
questioned as the post surgical mediastinitis
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predisposition® The bacteriologic pattern of
post surgical mediastinitis in the published
reports from different centers are various
and sometimes the difference is quite
remarkable. In a study by Ottinos et al.
(1987), pseudomonas aeroginosa has been
discussed as the most common responsible
organism in creating mediastinitis after
open-heart surgery.’® But, according to
general review articles, this organiam is
responsible for about 2% of mediadtinitis
cases.” Although, polymicrobial mediastinitis
has been shown in up to 40% of cases,
according to genera reviews polymicrobid
mediadtinitis dose not include more than 10%
of cases.” Gererally, gram positive cocci in
67% of cases and aerobic gram negative
bacilli in 22-24% of cases are the causative
organisms, and other cases of mediadtinitis
are cregted either polymicrobialy or by other
rare organisms.” Among the gram postive
cocd, Saphylococcal  (aureus  or
epidermidis) is responsible for one-half to
three-fourths of cases>*® According to
Kutsal et a. report post surgica culture
was negative in 64% of mediastinitis
cases,™ but in most of recent reports, the
percentage of negative culture cases has
been reported as zero percent.®® Almost
less than 2% of mediastinitis cases are
caused by fungi (Candida),” the mortality
of which is twice that of bacterid cases™
Any increase in the incidence of mediagtinitis
by Gram-negative bacilli especidly in cluster
formsis an darm for the contamination of the
environment and tools, as well as probable
defects in the sufficient controlling of their
derilization® But, the origin of Gram-
postive cocc in comparison with the Gram-
negative becilli is usualy endogenous.
Ferrazzi e d. sudy confirmed this
correlation. They observed that changing and
improving the Situation of the operating room
caused a substantial decrease in the incidence
of mediadtinitis caused by Gram-negetive
bacilli. But, there was no improvement in
the incidence of mediastinitis caused by
Gram-positive cocci.*

The clinical manifestations of mediagtinitis
are mainly dependent on its causative
mechanisms. Apart from some common
symptoms and signs such as fever, chest
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pain, respiratory distress, tachycardia, etc.’
the unusual appearance of surgical wounds
gives a double help to recognize the post
surgical mediagtinitis, some of which are
sternal tenderness, wound erythema and
cellulitis, serousanginous or purulent
discharge of wound and sterna
dehiscence.” After fever, wound discharge
is the most common sign of this infectious
complication in 70-90% of patients.™ The
diagnogtic value of purulent discharge is
high when it is accompanied by sternal
instability." Diagnostic laboratory tests are
sometimes helpful but they can be
confusing because of the operation effects,
especially the effect of pump on the acute
phase reactants. For example, moderate
and sustain leukocytes with shifting to the
left and increasing of ESR are only
indirect clues as to post surgical infectious
complication. Some authors believe that
sub-xyphoid or direct aspiration of the
sternal wound is useful for the diagnosing
of post surgical mediastinitis.” Blood
culture  has  shown  simultaneous
bacteremia in about 20% of cases. 3%
The value of epicardial pacemaker wire
culture has been different in the diagnoss of
post surgical mediagtinitis™** CXR does not
have such diagnostic values®* But in some
cases, it may show mediastinal widening, air-
fluid level and subcutaneous emphysema.’
Thoracic and mediagtinal CT- scanning is the
most valuable imaging technique to recognize
mediagtinitis from superficial infections and
the loculated abscess behind the
sternum B#®%3B3 Thare ge not such
studies on the role of MRI and it should not
beused in the presence of prosthetic valves.
Mediagtinitis management includes
debridement, drainage and copious irrigation
of the mediagind cavity and suitable
intravenous antibiotics. Although some cases
of successful cure have been reported, using
antibiotic thergpy aone can have a high
mortality rate. Surgica debridement aone
will have at least a 39% management failure
rate.® The cause of mediastinitis and the
consideration of the spectrum of probable
organisms are two most important criteria
for empirical antimicrobia therapy. After
radica debridement, it is necessary to
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instate the open or closed drainage and
irrigation system according to the patient’s
condition. Using reconstructive surgery
methods has shown an encouraging
decrease in the mortality rate of patients
with advanced mediastinitis (10% and
zero).4l'42

Unfortunately, pectora muscle flap, which
was described by Jurkiewicz et al. for the
first time,*? has a treatment failure rate of
25% (persstence of infection, subcutaneous
infection and abscess formation),43 and it
may be followed by some unplessant
cosmetic effects and limitation in the
movements of chest and shoulder.™ Lec et d.
described the mediastinal omentoplasty in
1976.® Because of having a high blood
upply and srong lymphatic  system,
omentum, can remove microorganisms,
inflammatory exudates and destructed cells. It
has more flexibility in comparison with
muscle flgps, comes up to the sternal notch
and mogt often completdy fills the space
behind the sternum. The superiority of this
operation in comparison with muscle flap
has been observed in recent sudies,
especidly in the presence of artificid
materids in mediastinum, such as aortic
Dacron grafts** This method is even used
uccessfully coincident with the primary
deoridement® In  2-95% of cases
laparatomy and omentum removd is
accompanied by some late complications,
uch as digphragmatic hernia or the
probability of intestinal obstruction. Choosing
the surgica drategy is on the bass of the
intensity and the stage of mediadinitis. In
addition to surgical measures, using long-
term and intravenous antimicrobial trestment
is the main part of management in these
patients. The duration of treatment is not
exactly clear. Some authors have
recommended intravenous therapy for 3
months, and some others have suggested a
continuation of treatment with oral single-
therapy up to 9 months.' Apart from
antibiotic and surgical intervention, other
supporting measures such as appropriate
feeding programs, blood pressure
controlling, prevention of peptic ulcers
caused by stress, prevention of deep vein
thrombosis and decubitus pressure ulcers,
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appropriate chest physiotherapy, using
mechanical ventilation when necessary,
controlling mood disorders and anxiety,
etc. are the important parts in the
management of patients. The most
appropriate method in the prevention of
mediastinitis is to increase attention during
surgical  procedures. The crucia factors
involved in the prevention of mediadtinitis
include improvement in patient’s nutrition
and his respiratory tract function; promoting
the immune system function;® decreasing
hogpitalization duration before surgery;
eradicating less important infectious sources
such as dental and urogenital infections,
bathing with sogp-containing disinfectants
(e.0. hexachlorophene); preparing th(]efaient’s
skin with iodine just before surgery; ™"’ using
prophylactic artibiotics™*“® improving the
operating room conditions, paying enough
atention to the Serilization of the tools, usng
better surgical techniques specialy decreasing
sternd fractures, decreasing tissue traumadue
to eectrocautery; better sternum  fixing
techniques, decreasing operation and pump
time, decreasng the use of bone-wax;
recognizing nosocomia infectious outbreaks,
taking aseptic cares after surgery, taking out
the catheters and drains as soon as possible
(like trached tubes, intravenous and arterid
catheters and mediagtind drains), and using
cricothyroidectomy instead of tracheotomy
when long mechanical ventilation is needed .*
The spread of infection to near spaces (pleura,
pericardium, and peritoneum); vascular
injuries and massve bleeding tendencies,
contamination of atificid mateids
spticemiay dernd ogeomyditis and
cogochondritis can be the complications of
pog surgical purulent mediastinitis. Severd
factors have been studied in the prognosis of
purulent mediagtinitis, from which the
interval between primary operation and the
diagnoss of mediadtinitis is the mog
important factor.”>*

Conclusion

Due to high mortality rates and hospital
cost, decreasing the incidence of the
number of mediastinitisin our center isthe
research team's desire. But, in spite of the
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promotion in technology of aseptic surgery
and the suitable use of preventive methods,
it is not feasible to reduce it to zero. It
seems that the predisposition for post
surgical mediagtinitis is multifactorial and
the accumulation of several risk factors is
more effective than one factor by itself. On
the other hand, the importance of technical
factors is more remarkable in comparison
with  host factors. Increasing the
knowledge and experience of medical
teams in preventing mediastinitis and
correct management after the occurrence
requires so many studies on bacteriologic
patterns and sources of contamination that
they should be carried out at any center

separately.
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