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ABSTRACT

Introduction: When it comes to human health, the offer of quality ser-
vices and work based on patient safety are increasingly demanded. Mo-
dernity demands rapid decision-making in any situation, which is facilitated
with action guides that include prediction, diagnosis, prevention, treatment
and quality control. These are represented in wide-ranging algorithms such
as conceptual maps. Objectives: To represent in conceptual maps a pre-
viously developed guide for the prediction, diagnosis, prevention and con-
trol of postoperative mediastinitis. Method: A retrospective analytical
study of cases and controls was carried out with bivariate and then muilti-
variate analysis for the construction of a prognostic scale, as well as prob-
able diagnostic patterns and a systematic review using PRISMA methodol-
ogy for the development of the guidelines, which were represented in con-
ceptual maps by the cmaptool program. Results: For prediction, PREDIC-
MED prognostic scale was the premise, built from the logistic regression
model, with six predictors and their scores ranging from zero to thirteen,
with two risk strata: not high and high. For the diagnosis, precede this
guide, the four probable diagnostic patterns obtained by two-stage cluster
analysis and the prevention and treatment actions for postoperative medi-
astinitis were developed, as well as checklists, then was all represented in
conceptual maps. Conclusions: The action guides represented in concep-
tual maps facilitate the decision-making process in the face of mediastinitis
after cardiovascular surgery.

Key words: Postoperative mediastinitis, Cardiovascular surgery, Surgical
site infection, median sternotomy.

RESUMEN

Introduccion: Cuando se habla de la salud humana, se exige la oferta de
servicios de calidad y trabajar en funcion de la seguridad del paciente. La
modernidad demanda rapidez en la toma de decisiones ante cualquier si-
tuacion, lo cual se facilita con guias de actuacion que incluyan prediccién,
diagndstico, prevencion, tratamiento y control de la calidad. Estas se re-
presentan en algoritmos de amplio alcance como los mapas conceptuales.
Objetivos: Representar en mapas conceptuales una guia para la predic-
cion, diagndstico, prevencion y control de la mediastinitis posoperatoria
previamente elaborada. Método: Se realiz6 un estudio analitico retrospec-
tivo de casos y controles con analisis bivariado y luego multivariado para
la construccion de una escala prondstica, asi como de los patrones de diag-
ndstico probables y una revision sistematica por metodologia PRISMA para
la elaboracion de las guias, que por el programa cmaptool fueron repre-
sentadas en mapas conceptuales. Resultados: Para la prediccion se tiene
la premisa de la escala prondstica PREDICMED construida a partir del mo-
delo de regresion logistica, con seis predictores y sus puntajes en rango de
cero a trece, con dos estratos de riesgo: no alto y alto. Para el diagnostico
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anteceden los cuatro patrones de diagndstico probable obtenidos por ana-
lisis de conglomerados bietapico y se elaboraron las medidas de preven-
cién y tratamiento de la mediastinitis postoperatoria, asi como listas de
che-queo, luego representadas en mapas conceptuales. Conclusiones:
Las guias de actuacion representadas en mapas conceptuales facilitan el
proceso de toma de decisiones ante la mediastinitis después de cirugia

cardiovascular.

Palabras clave: Mediastinitis postoperatoria, Cirugia cardiovascular, In-
feccion del sitio quirdrgico, Esternotomia media longitudinal.

INTRODUCTION

When it comes to human health, providing qual-
ity services as well as a work based on patient
safety are increasingly demanded. Modernity de-
mands rapid decision-making without hesitation
in any situation, which is facilitated by working
protocols. These are summarized in algorithms
or flowcharts. The best known are decision trees.
Nowadays, conceptual maps are broad algo-
rithms that have enabled the evolution of single-
criteria to multi-criteria decision-making.!

In the field of medical sciences, a conceptual
map would be more advantageous than a deci-
sion tree, as it would graphically represent an
action guideline with its theoretical aspects, and
would have incalculable educational value.?

Acting with quality, measurable guidelines ex-
pressed in conceptual maps demonstrates that
we are working for patient safety; especially in
high-risk surgical interventions, in which multiple
circumstances demand urgency or emergency;
as often occurs in cardiovascular surgery in the
context of postoperative mediastinitis, which, as
a complication of longitudinal median ster-
notomy, requires rapid decisions.?3

Postoperative mediastinitis is part of the deep in-
fection of this incision, with an incidence between
1 and 2% and a mortality rate between 8.6 and
40%; it is therefore considered a feared complication
of cardiovascular surgery.*>  According to
Ljungquist's® classic definition, an infected surgi-
cal wound is one that develops a collection of
pus.

The diversity of criteria in decision-making re-
garding this complication slows down action,
which is why a Cuban guideline was developed
which should then be presented in a schematic
and summarized form; in addition to include pre-
diction, diagnosis, prevention, and control.

From this, the research objectives are: to elabo-
rate and represent in conceptual maps a guide-
line for prediction, diagnosis, prevention and
control of postoperative mediastinitis.

METHODS

A multistage study was conducted at the Hospital
Universitario Cardiocentro Ernesto Guevara of
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Villa Clara, using a mixed-method, concurrent
approach and triangulation, spanning from 2000
to 2019. The final purpose was to develop a de-
cision-making guideline for postoperative medi-
astinitis and the conceptual maps, representing
the good practice guidelines, which included:
prediction, diagnosis, preventive measures and
treatment or management.

First stage: A retrospective case-control analyt-
ical study on the presence of postoperative me-
diastinitis, which initially required determining its
actual incidence based on the population includ-
ing 4 607 patients undergoing longitudinal me-
dian sternotomy at the Hospital Universitario
Cardiocentro Ernesto Guevara of Santa Clara
from 2000 to 2019; as well as a clinical-epidemi-
ological characterization of the cases with the
disease.

The case sample consisted of all patients with
this diagnosis (n=45). The Centres for Disease
Control and Prevention "s (CDC) criteria for deep
surgical site infection were used.’"1% The control
sample, four for each case, n=180, was made
according to the established criteria: represent-
ativeness, simultaneity and homogeneity with
respect to the cases. A bivariate analysis was
performed using simple binary logistic regres-
sion, the 95% confidence interval for the odds
ratio (OR) estimate was determined for each fac-
tor, along with the significance of the Wald sta-
tistic corresponding to each coefficient (B) in the
logistic model equation.

To develop the model, a multivariate binary lo-
gistic regression analysis was performed, with
the presence of mediastinitis as the dependent
variable. The model's performance was assessed
based on its calibration and discriminatory ca-
pacity.

A prognostic scale was built, the variables being
selected from the obtained model predictors,
with weights or scores assigned by rounding the
corresponding B coefficients to the nearest inte-
ger. Its performance was also confirmed. Inter-
nal validation (data splitting) was also per-
formed, selecting 70% as the development sam-
ple and 30% as the validation sample.

To develop the diagnostic aid using probable pat-
terns, the first step was to subdivide the clinical




elements into major and minor; to do this, quan-
titative analyses (two-stage cluster analysis) and
qualitative analyses (expert judgment) were
performed. The results of both analyses were
compared, and similarity was considered to pro-
pose the classification.

Formation of probable diagnostic patterns.

To define probable diagnostic patterns, a three-
ways contingency table was created, corre-
sponding to: risk stratification, number of major
and minor clinical elements and presence of me-
diastinitis (yes or no). The patterns were estab-
lished based on the frequency distribution of the
number of clinical elements in both risk strata.

Second stage: A qualitative study was con-
ducted to develop the action guidelines for post-
operative mediastinitis, triangulating the results
of prognostic models, the findings from reinter-
ventions and determining the effectiveness of
each of the different surgical techniques used as
therapeutic alternatives for this condition. The
recommended course of action is based on the
evidence found, as its development is premised
on a thorough literature review. Conceptual
maps represent the action guidelines in a com-
prehensive work algorithm, with concepts, link-
ing words, propositions and connecting lines.

Review methods such as those outlined in
PRISMA(11-13) statement were used to review
all guidelines, consensus statements and algo-
rithms related to postoperative mediastinitis
found; as well as multicenter studies, meta-anal-
yses and any research related to the topic, in-
cluding cases presentations. Literature available
in databases such as PubMed, Cochrane, Clini-
calKey, Scopus, and Scielo. With a checklist and
review flowchart (Figure 1).

Registros identificados mediante
busquedas en bases de datos n=190 otras fuentes n=0

y y

| Registros tras eliminar duplicados n=190 |

Registros identificados mediante ‘

I Registros cribados n=190 }‘—‘ I Registros excluidos n=8 l

¥

Registros de texto completo
evaluados para su elegibilidad n=182

J

Estudios incluidos en la sintesis

cualitativa n=182
v

Estudios incluidos en la sintesis
cuantitativa n=182

Figure 1- Information flow of the systematic review

After triangulating all the information obtained,
the guidelines and map of decision were final-
ized, classifying the expert consensus
CorSalud 2025;17:e1151
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recommendations into Class I, II (Ila and IIb)
and III, as well as by level of evidence, which for
this research was Level C.

The conceptual maps were developed using the
c-map tool software, version 6-03-01, developed
by the Institute for Human and Machine Cogni-
tion. (14
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Figure 2- Prediction Conceptual Map

RESULTS

The first map (Figure 2) illustrates the predic-
tion, which is essential for targeting prevention
based on the calculations.(*> The result of the
bivariate analysis with the pre-, intra- and post-
operative variables with a statistically significant
relationship, is the starting point to obtain the
logistic regression model shown in this figure
and the basis for elaborating the Cuban scale to
predict the risk of postoperative mediastinitis
PREDICMED®®, with six predictors and weights
already explained, with two risk strata in its clas-
sification: high and non-high, using the cut-off
point drawn at the 90 percentile that coincides
with the value 7 of the scale that offers a range
between 0 and 13 points. Figure 3 shows the
diagnostic map with a diagnostic aid, , the clini-
cal elements initially present in the sample were
divided into major and minor using qualitative




methods and mathematically confirmed by two-
stage cluster analysis, then, when combined with
the risk offered by PREDICMED, four probable di-
agnostic patterns were obtained, which detection
in a patient provides diagnostic inference, includ-
ing as well the components of a vulnerable ster-
num, which require different preventive
measures.!’
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Figure 3- Diagnostic Conceptual Map

The prevention guideline with pre-, intra-, and
postoperative measures is presented in figure
4, along with other important measures not in-
cluded in any of these periods.

Figure 5 shows the indications and contraindi-
cations of each surgical therapeutic resource for
the treatment of postoperative mediastinitis,
which includes the novel surgical technique of
dermoplasty® to obtain an autologous biological
neosternum?®, also innovated as part of this re-
search, and figure 6 is dedicated to quality con-
trol with an inspection guideline and a checklist.
This summarizes and illustrates the guidelines
developed for postoperative mediastinitis.

DISCUSION

The consensus of the European Association for
Cardio-Thoracic Surgery published by Abu-Omar
Y. et al®® maintains the same prevention
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elements as the article by Goh S.2!, but adds that
great care must be taken when performing lon-
gitudinal median sternotomy, respecting the sur-
gical technique and avoiding bleeding, which is
of great importance. Regarding control
measures, although they strongly recommend
vacuum aspiration, they mention other methods
that can be used, such as mediastinal irrigation
and live tissue interposition. Predictive elements
are similarly not included, as this was not their
objective.

The expert consensus of the American Associa-
tion of Thoracic Surgery reflects multiple preven-
tion measures that are similar to the previous
ones. However, this includes smoking cessation
30 days before surgery and the stability of pa-
tients with Chronic Obstructive Pulmonary Dis-
ease (COPD); in addition to mentioning the con-
trol of remote infections and nutritional deficien-
cies, aspects not included in other guidelines or
consensus reports. It reiterates the routine use
of mupirocin, antibiotic prophylaxis and other as-
pects that have been reflected by other authors.
It places great importance on early extubation
and the removal of urinary catheters and deep
venous catheters as soon as possible as very val-
uable measures in preventing postoperative me-
diastinitis.??

In 2016, the guidelines of the America College of
Surgeons and the Surgical Infections Society for
surgical site infections recommended several as-
pects similar to the previous ones, such as anti-
biotic prophylaxis, glycemic control and control
of all risk factors, as well as skin preparation, but
includes antibiotic-coated sutures.??

The Asia Pacific Society of Infection Control de-
veloped its guidelines for the prevention of sur-
gical site infections, which highlight the control
of preoperative risk factors, especially glycemia.
In terms of intraoperative recommendations,
they suggest the use of alcoholic solutions for
skin preparation before the incision, an element
with which the author of this study agrees and is
therefore included in the developed guideline.
They make recommendation II B for the use of
adhesives on the skin before the incision, espe-
cially in cardiac surgery.?* In 2018, the World
Health Organization published a global guideline
for the prevention of surgical site infections. It
somehow outlines the general guidelines for all
the described preventive protocols specific to
sternotomy infection and make recommenda-
tions regarding climate control systems in oper-
ating rooms, an issue frequently not addressed
in other guidelines or consensus reports.?®

One measure cited by several authors regarding
deep sternotomy infection is skeletonized dissec-
tion of the internal mammary artery, especially




Bermudez Yera GJ.

Clas:ﬁcaoonciela?recomendaoons

Clase I: Condiciones para 1as cuales existe evidendia y/o F : o z
acuendo general de que ofreciendo el procedimiento o tratamiento A'mmgwmﬁm
serd beneficioso, (il y efectivo, - Datos"ml o 'ul'ms& ; £
Clase I Cofmmesparalasanlseusmewdenoasmmwo de. koo o de N m'a'd"'l'w. o
ddmmwmod::ﬁmo CSobdawaddoonsaasoyo;nﬁndewatos, -
Clase Tla: Mayor peso de 2 evidencia u opinion estudios de casos y controles, o de |2 experiencia del equipo.
5 2 favor de la utilidad y eficacia.
Clase [1b: La utilidad y eficacia estd menos
establecida por |2 evidencia y/o Ia opinida.
Clase III: Condiciones para las cuales existe evidencia y/o
wmawdmommo N
no es td, ni efectivo y en algunos casos pudiese incluso ser dafing. | iCémo "

\

Actuar sobre factores de riesgo Actuar sobre factores da riesgo Actuar sobre factores de riesgo
( \( Clase I: I \
Clase I : T ) Clase I:
-Exudado nasal al 100 % s b bl o s i e
para cinugia electiva. P el ki e -Retirar levinne entre 4 y 6 horas.  -Desinfeccion ce locales de riesgo
-Si exwdado nasal postivo Vancomicna y gentamicina i -Comienzo de 1a via oral (Limpieza mecanica, desinfeccion etanol
8 enahaonco doado Zéméspredmytspreopmm entre 8 y10 horas. J % 0 Mpocae
tratamiento Jocal y 0 solo 2 Sl uno de elos es EPOC -Retirar drenzjes 2l dia siguiente. surfa-safe o surfanios).
sistémico con ciprofioxacing “Noeitixd estemal carects -Retirar sonda vesical 2l dia siguiente. | | -Vaporizacidn con propilengicol de
repetir exwdado y 2 o -Retirar linea arterial al Gia siguiente. unidad quirurgica y ofras
negativizar se reingresa. b daliat crrecto -Retirar vias de abordaje venaso (0,4mi/m3 de aire).
-Control glicémico. puntosdemﬁgmmo&to profundo al sequndo dia. -Desinfeccion de mobiario
-Abzndono del habito Cambio de anwsdd. -Fisioterapia respiratoria. (Limpieza mecanica,
de fumar 2l menos X quantes de -Moviizacion en la mafiana desinfeccidn surfa-safe,
tres meses antes. ol Ydeml : siquiente (sentar). clorhexiding o0 surfanios).
e EpRabR. -Autodonacién-aukotransfusidn, Coionr 8 sequnt . e T
-Correccion de la anemia evitar transfundic -Medidas de asepsia y antisepsia (Deswmmaoonmnamme
antes de ingresar. Uso de 36do !‘. para manipular abordajes. odaasoope,inviuacham,
-Control de infecciones. imizar T de Yo -Enjuague bucal con haitol. enjuagueconag@desﬂada,
-Uso de heparinas '°°°"|"°‘. gl andodon, ~Fomentar e uso de 2 secado y esteriizacin autociave).
anticoaguiacidin preoperatona. Aavad y::m -Control glicémico. nsbuw!al .
-Estadia preoperatoria necesaria. dikida m""mm."a Johe -Bafio en cama comecto de amiba ¥ equipes de anestesia
-Evitar ayuno prokongado. o drudi ¢ hacia abajo. (Descontzminacin,
~Correccion de la hipoproteinemia. sialisnans -Ensefianza de los medidas de Jempieza mecénica y
-Tres bafos con clorhexidina, -Povid enddem' inmadizto -Lavado de manos.
-Uso de ropa esténil por el paciente, -Gurem'm&mudo‘ . / -Asepsia de la piel.
-Enjuague bucal con halitol. o eatecala vulaarable. -Joyas, celulares, estetoscopios,
-Rasurado con maquina eléctrica. esfigmomandmetros, ligaduras
. ) -Cum;legbwmommio, del personal,
uso de solucién repolarizante. 4bered
Maneio hideico restringido. { -Papeles, historias dinicas.
-Bajas dosis de opioides.
Clase ITa:
~Uso regulado de Ia cera dsea.
Figure 4- Prevention Conceptual Map
when both are going to be used, although it is Crawford TC and his coauthors?’” state when
recoghized that this can be due to multiple they report that regardless of the dissection
causes in this type of patient and not only to the technique used for the internal mammary artery,
dissection technique used.?® This is what diabetics with revascularized coronary artery

CorSalud 2025;17:e1151




Clasificacion de las recomendadiones

Clase I: Condiciones para las cuales existe evidendia y/o
acuerdo general de que ofreciendo el procedimiento o tratamiento
serd beneficioso, (il y efectivo,

Clase II: Condiciones para l2s cuales existen evidencias en confikto y/o
divergentes opiniones acerca de ka utidad o eficaca

Bermudez Yera GJ.

Niveles de evidencia

A: Datos derivados de estudios cinicos randomizados
multicéntricos o de metaanalisis.
B: Datos derivados de estudios randomizados
de centros Gnicos 0 de estudios no randomizados.

<Como obtenerio?

Gel procedimiento o tratamiento.
Clase I12: Mayor peso de [a evidendia u opinion
es a favor de Ia utilidad y eficadia.
Clase 1Ib: La utilidad y eficacia estd mencs

C: Sclo deriva del consenso y opinidn de expertos,
estudios de cas0s y controles, o de I3 experiencia del equipo.

establecida por 13 evidencia y/o 13 opimidn,
Clase [II: Condiciones para l2s cuales existe evidendia y/o
atuerdo general e que & procedimiento o tratamiento
no s (til, ni efectivo y en aigunos casos pudiese induso ser dafing.

Tiene como wtilidades.

Reduccién del ,
(mmm-mmm]’mﬂm

entre el comienzo de los signos y

y Ia reintervencida.

sintomas de mediastinitis

A mayor intervalo mayor mortalidad.

mediastinal, confirmacion

Reapertura esternal para desbridamiento inicial,
limpieza quirirgica ampia de la cavidad
diagnostica.

lﬂemwvendénimm

Clase 113: De manera profildctica
ante 2 duda sobre 2
existencia de proceso séptico
mediastinal,
Ciase 1Ib: Luego de
reapertura estemal por
otras razones.

Clase [11: Maia calidad del hueso o
abscesos en mediasting
que no pueden ser desbridados

Recomendaciones
i

puentes cutdneos y se comunican
$os orificios para lavados ampfios

Aquelios que e reaizan dejando |

Clase I: Dehiscencia esternal parcal

ni realizar total kmpieza quinirgica.
N ————————————————————

¥ pocas secreciones mediastinales,
Clase 1ia: Fallo de mediastinoclisis
inicial por nueva dehiscenca
esternal parcial,
Clase [11: Procesos sépticos de
gran envergadura y/o dehiscenda
X esternal total. J
Clase I: Ante Ia pérdida parcial o total
de esterndn luego de osteomielitis
cuando posterior 3 curadiones se ha
obrenido un buen tefido de granulacién.
J También luego de mediastinitis con

dehiscendia estemal, esterndn vuinerable,

desgarros del mismo por i2 sutura,
cuando posterior 3 curaciones se ha
obtenido buen tejido de granulacion.

Clase IIa: Ante dehiscencia esternal reiterada

cuando con puntos soiamente
N0 $& garantice un cierre $eguro.
Se necesita que se haya obtenido
buen tefido de granulacidn.
Clase [11: Ante cualquier stuacidn
pero sin la existencia aun de
buen tejido de granuiacion ni fibrosis.

Figure 5- Treatment Conceptual Map

disease presented more deep sternotomy infec-

tions than non-diabetics.
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In the guidelines resulting from this research,
smoking cessation with sufficient advance notice
is a key priority. Three months are generally re-
quired for elective surgery cases with less urgent
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unidades de transito del paciente, del espacio mediastinal.
por lo que el comité debe tener 13.Cultivo de secreciones y germen,
un representante y una guia de observacién 14. Hemocultivo,
en cada unidad. El cual vela que se cumplan 15.Tratamiento antibiético.
las guias de buenas practicas 16.Tratamiento quirdrgico (Reintervencién)
relativas a la prevencidn (Guia 3). desbridamiento y kmpieza.
5.Si comienzan los sintomas en algin paciente, 17.Fecha de 1a reintervencién.
constatar que se identifiquen os 18.Intervalo sospecha - reintervencidn.
elementos clinicos mayores y menores 19.Método de continusdad. Ablerto, cerrado.
en aras de cotejar 20.Necesidad de nuevas reintervenciones curativas
con los patrones de diagndstico probable. 21.R;
Lo que se recoge en la guia de diagndstico, 22R¢vtsl¢nslszem6ucaca¢adosaﬂospanacmalur
representada en Guia 2,
6.Si se coteja con un patrén probable,
entonces se debe controlar
la rapidez y calidad de la Formulario
decision terapéutica
en pos de reducir el

diagndstica,
se aplique 1a lista de chequeo
8.Velar por el cumpliméento de las
guias de buenas practicas
para ¢l control de k3 infeccidn,
wwoene!uaummomédicoadecuado
como en la terapéutica
que se lleve a cabo en el
desbridamiento inicial
y fos métodos de continuidad,
representado en Guia 4
9.Corroborar Ia efectividad de la
terapéutica quirdrgica aplicada
por medio del modedo evaluador
Que contiene sus indicadores y valores de corte
10. Analizar en los respectivos comités
que el proceso se haya realizado
como se establece,

Figure 6- Quality Control Conceptual Map

priorities. Likewise, great importance is placed drains, as well as care of vulnerable sternum
on all early recovery measures, especially extu- components, such as proper bed bathing. Antibi-
bation and removal of deep accesses and chest oprophylaxis, = maintenance, cleaning and
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disinfection of air conditioning systems are also
recommended, and skeletonized mammary ar-
tery dissection is also indicated.

Regarding surgical treatment, the consensus by
Lazar H. and other authors??, also recommend
vacuum aspiration techniques and states that
mediastinal irrigation with povidone iodine
should not be performed, based on experimental
results. However, in the presented guideline, this
technique is recommended due to its proven ef-
fectiveness in the completed research sample.?®

Andersen BM.2 in his work on the prevention of
surgical wound infection, offers the most com-
prehensive preventive guideline that, in the
opinion of this author, has been written accord-
ing to the reviewed literature. It emphasizes as-
pects related to the quality and safety of surgical
care. Checklists dealing with the prevention of
surgical site infections are established. It in-
cludes the aspects of the patient preparation for
the surgery that he or she will be facing. It
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