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ABSTRACT

Background and objective: Heart transplant is a life-saving treatment and currently is the definitive gold-standard in the
treatment of refractory heart failure. Surgical site infection is a serious complication of heart transplantation. A nursing
theory predicting consequences related to the management of risk factors for surgical site infection in patients undergoing heart
transplantation can be useful to nursing practice. The objective of this study was to develop a situation-specific theory of surgical
site infection-related stimuli in patients undergoing heart transplantation.
Methods: It was adopted an integrative strategy to develop the theory. Multiple sources of knowledge were accessed. The Roy
Adaptation Model was adopted as the foundation for the development of this situation-specific theory in a nursing perspective.
A literature review on risk factors for surgical site infection in patients undergoing heart transplantation was conducted. By
configuring those sources with practice expertise in a collaborative effort, risk factors for surgical site infection in patients
undergoing heart transplantation were classified as contextual or residual stimuli, focal stimulus was defined, and seven theory
propositions were developed.
Results: Heart transplant surgery was considered as focal stimulus. The contextual stimuli were classified as preoperative,
intraoperative, and postoperative contextual stimuli. The residual stimuli were classified as preoperative and intraoperative
residual stimuli. No postoperative residual stimulus was identified. Ten theory propositions were created.
Conclusions: The emerging theory can help nurses to prevent surgical site infections in patients undergoing heart transplantation.
Further developments must be made in order to consider nurse-patient interactions during the prevention of surgical site infections.

Key Words: Surgical wound infection, Heart transplantation, Cardiac surgical procedures, Risk factors, Roy adaptation model

1. INTRODUCTION

Heart transplant is a life-saving treatment and currently is the
definitive gold-standard in the treatment of refractory heart
failure, demanding superior specificities and complexity to
those of general heart surgeries.[1, 2] Surgical techniques,

immunosuppressive regimens, diagnostic methods and ap-
proaches in the immediate and late postoperative periods
make this procedure challenging in relation to healthcare.[3]

Evidence show that complications are diversified for affect-
ing different systems of the human body, and have a multifac-
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torial order.[4] Although advances have been made to control
Surgical Site Infection (SSI), it remains a substantial cause
of morbidity, prolonged hospitalization, and death.[5] The
situation occurs more often when using immunosuppressive
regimens.[6]

SSI consists in the infection of the incision, organ, or space
after the surgical procedure, and has become more frequent
in patients undergoing heart transplantation than in other
cardiac surgery patients, due to the presence of additional
risk factors.[7] Heart transplantation (HT) is the top priority
among the thoracic operative procedure with higher risk for
SSI.[7]

The multiplicity of risk factors related to SSI tends to re-
quire the search for evidence and its articulation with clinical
expertise within a theory that aids in understanding the phe-
nomenon. In this sense, it was developed a situation-specific
theory of surgical site infection-related stimuli in patients
undergoing heart transplantation. Situation-specific theories
are coherent representations and descriptions of specific sets
of phenomena in more subscribed situations.[8] They are
more concrete than middle-range theories and are limited in
the number of concepts, in the range of explanations, in the
scope of research propositions, and in the outcomes claimed.
In this way, situation-specific theories can answer more spe-
cific questions and can be more accessible to researchers and
clinicians.

The Roy Adaptation Model (RAM) was selected to theoreti-
cally articulate the evidence about risk factors for SSI from
a nursing perspective. According to the RAM, people are
considered as open systems which maintain continuous in-
teractions with the environment, being exposed to a series of
circumstances, conditions, or influences that surround them
and affect their adaptation responses.[9] These conditions,
circumstances, and influences that make up the environment
are regarded as focal, contextual, or residual stimuli. Focal
stimulus is the internal or external stimulus most immedi-
ately confronting the human system. Contextual stimuli are
all other stimuli present in the situation that contribute to
the effect of the focal stimulus and a residual stimulus is an
environmental factor within or outside the human system
with unclear effects.

The assumptions of the developing theory are: (a) SSI is a
breach in the integrity of human beings with regard to the ba-
sic need of protection, so it represents a compromised adap-
tation level and an ineffective adaptive response; (b) Risk
factors increases the likelihood of developing a disease or
injury and can be semantically aligned to the concept of stim-
uli, by both theoretical conjectures or statistical measures of
association; (c) Risk factors can be classified as contextual

or residual stimuli according to the measure of association
and statistical significance.

Heart transplantation has been conducted for more than 50
years,[10] however, nursing has not yet developed a theory
on the care of patients undergoing this type of surgical pro-
cedure. SSI is a possible complication of heart transplan-
tation significantly associated with morbidity and mortal-
ity.[11] However, nurses engage in surveillance actions that
are guided by the concept of risk factor, which may be more
reductionist than the concept of stimulus in the perspective
of adaptation. In spite of the importance of epidemiology,
there is a potential to combine clinical evidence of risk with
the conceptual dimension of stimuli.

An organized, coherent and systematic articulation of state-
ments predicting consequences related to a nursing phe-
nomenon such as managing risk factors for surgical site
infection in patients undergoing heart transplantation can be
useful to nursing practice.

Theories can be described as organized, coherent, and system-
atic articulations of sets of statements related to discipline’s
phenomena and communicated as a meaningful whole.[8]

Nursing theories, in its turn, can be defined as a conceptu-
alization of some aspect of nursing reality that can describe
phenomena, explain relationships between phenomena, pre-
dict consequences, or prescribe nursing care.[8]

Theories can be classified according to their level of abstrac-
tion, goal orientation, and scope.[8, 12] Some of them are
atomistic theory, grand theory, macro theory, micro theory,
middle-range theory, practice theory, and praxis theory. An-
other type of theory that has been developed in nursing is
situation-specific theory. Situation-specific theory is a kind of
theory that is narrow in scope, highly concrete, and practice-
oriented. It focuses on specific nursing phenomena that
reflect clinical practice and that are limited to specific popu-
lations or to particular fields of practice.[13] Because they are
highly concrete and narrow in scope, situation-specific theo-
ries are easily and readily transferable to research questions
or clinical situations.[14] Thus, the aim of this study is to
develop a situation-specific theory of surgical site infection-
related stimuli in patients undergoing heart transplantation.

2. METHODS
It was adopted an integrative strategy to develop the the-
ory,[15] as represented in Figure 1. Although situation-
specific theories developed on some philosophical founda-
tions are not supposed to be testable, this situation-specific
theory has its philosophical grounding on postempiricism, so
some propositions can be operationalized, measured, and/or
tested.
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Figure 1. Integrative strategy to develop the situation-specific theory

Initially, an extensive literature review was conducted in
order to explore currently existing knowledge about surgi-
cal site infection in patients undergoing heart transplanta-
tion. Then, multiple sources of knowledge were accessed by
adopting the Roy Adaptation Model as the framework for the
development of this situation-specific theory in a nursing per-
spective, by conducting an integrative review on risk factors
for surgical site infection in patients undergoing heart trans-
plantation, and by configuring those sources with practice
expertise in a collaborative effort.

An integrative review was conducted in order to identify
SSI risk factors. The review was carried out by following
six stages: formulation of the research question, sampling
of the literature, data collection, critical analysis of the in-
cluded studies, discussion of the results and presentation of
the integrative review.[16]

Database searches were conducted in: Latin American and
Caribbean Health Sciences Literature (LILACS), Medline,
Web of Science, Cumulative Index of Nursing and Allied
Health Literature (CINAHL) and Scopus, in January 2018.
Search terms related to heart transplantation, surgical wound
infection and risk factors, both in English, in Portuguese, or
in Spanish, were used to build search strategies, along with
Boolean operators. 109 studies were found, 90 of them were
duplicates.

The eligibility criteria consisted in: research related to the
occurrence of surgical site infection in adult patients under-
going heart transplant, published between 2007 and 2017,
and full-text available in English, Portuguese, or Spanish.

Book chapters, theses, dissertations, and revised or updated
articles were excluded. The selection process was conducted
by applying the eligibility criteria by screening the titles
and the abstracts and then by screening the full-text, which
was conducted by two independent reviewers with a third re-
viewer been consulted in cases of disagreement. Four studies
were selected, as represented in Figure 2.

Critical appraisal was conducted using the Joanna Briggs
Institute Critical Appraisal Checklist for Analytical Cross-
Sectional Studies and the JBI Critical Appraisal Checklist
for Randomized Controlled Trials.[17] All selected studies
have met all the critical appraisal criteria.

The following variables were collected from the studies: year,
country, language of publication, directionality (prospec-
tive and/or retrospective), extension of the study (national
multicenter, international multicenter or institutional), study
design, data source (databases, hospital and/or prehospital
records), study population, risk factors, and conclusions.
Data was inserted into Microsoft Excel R© 2010 and submit-
ted to a descriptive analysis and the synthesis of the results
are shown in narrative form, both in Table 1 and in Figure 3.

A specific approach of deduction from theories with higher
level of abstraction was applied to the Roy Adaptation Model
(Theorizing: initiation stage). In the process of theoriz-
ing, the categorization of SSI-related stimuli was based on
Roy’s[9] concepts of focal, contextual and residual stimuli.
The heart transplantation was conceptually classified as fo-
cal stimulus (primary issue or core concept). Thus, the risk
factors that interfered in the focal stimulus (heart transplan-

84 ISSN 1925-4040 E-ISSN 1925-4059



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2020, Vol. 10, No. 2

tation) were classified in other stimuli types using risk mea-
sures applied in primary studies: Hazard Ratio (HR) and p
value in univariable and multivariable Cox model;[18] T-test
and Chi-squared test for difference between means and pro-
portions of groups of Antithymocyte globulin (ATG) treated
patients + Risk factor and their p values;[19] Relative Risk
(RR) and p value.[20] Means or proportions higher in group
with Surgical Site Infection-Related and p < .05, HR > 1.0

and p < .05, RR > 1.0 and p < .05 were criteria of the con-
textual stimuli. The risk factors classified as residual stimuli
were those considered to have same criteria of the contex-
tual stimuli, but p value > .05. For this reason, an unclear
significance of their association with SSI in HT patients was
presumed. Finally, in the integration stage of theorizing, a
theoretical model and theory propositions were elaborated.

Figure 2. Preferred reporting items for systematic reviews and meta-analyses flowchart

Table 1. Main characteristics of the sample
 

 

  Aim Design Participants 

Article 1[19] 

To evaluate whether the ATG induction therapy in the immediate 
post-transplant period increased the risk of infection in MCSD 
patients with DLIs. 

Cross sectional 
57 patients in the 
postoperative period of 
cardiac transplantation 

Main 
Conclusion 

The use of ATG induction in patients with previous DLI does not seem to increase the risk of post-transplant 
infection. 

Article 2[18] To assess the incidence and risk factors for invasive fungal disease in 
heart transplant recipients. 

Cross sectional 
360 heart transplant 
patients 

Main 
Conclusion 

The incidence of fungal infectious disease was higher in the three-month period after heart transplantation, largely 
reflecting early infection of the surgical and nosocomial sites by Candida and Aspergillus. Patients who received 
additional immunosuppressive induction or late thoracic closure were at increased risk for fungal infectious disease. 

Article 3[20] To determine the incidence, etiology, evolution and risk factors for 
surgical site infection in the heart transplant incision. 

Cross sectional 
292 cardiac transplant 
recipients 

Main 
Conclusion 

ISSIs in HT are frequently caused by resistant bacteria and Candida, but are associated with good prognosis. 

 Note. Abbreviations: ATG, antithymocyte globulin; DLI, driveline infections; HT, heart transplantation; ISSI, incisional surgical site infection; MCSD, 
mechanical circulatory support devices. 
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Figure 3. Theoretical model: Focal, contextual and residual stimuli of ssi in patients undergoing heart transplantation

3. THE THEORY
Figure 3 shows the proposed theoretical model of focal stimu-
lus; preoperative, intraoperative and postoperative contextual
stimuli; and preoperative, and intraoperative residual stimuli.
This theoretical model is mainly influenced by three key con-
cepts: Surgical Site Infection, Heart Transplant, SSI-related
stimuli in HT patients.

From the evidence synthesis, it was identified that the risk
factors included for investigation of surgical site infection
in patients undergoing heart transplant are: heart disease;[18]

sex;[18–20] delayed sternal closure;[18] reoperation in less than
10 days;[18] use of the ventricular assist device (VAD) in
peri-transplantation;[18] in Antithymocyte globulin (ATG)
treated patients with high body mass index (BMI);[19] by
cytomegalovirus (CMV) infection and additional immuno-
suppression with OKT3, anti-thymocyte globulin or da-
clizumab;[18] Hypertension treatment;[19] age;[19] blood trans-
fusion;[18] female gender;[19] pregnancy;[19] indication for
transplant and ischemic time;[19] diabetes mellitus;[19, 20]

male gender;[19] dilated cardiomyopathy;[20] NYHA class
IV;[20] emergency type surgery;[20] over 2 hours of cardiopul-
monary bypass (CPB);[20] and prophylactic ciprofloxacin.[20]

Heart transplant surgery was considered as focal stimulus,
because if it did not confront the human adaptation process
it would not be possible for SSI to emerge as an ineffective
response of this system. Furthermore, it is assumed that the
surgical stimulus is the one that demands the highest amount
of energy from the adaptation process of human beings, thus
characterizing the focal stimulus.

The following risk factors were classified as preoperative
contextual stimuli: reoperation within 10 days (HR = 2.33 p

< .05);[18] ATG-treated patients with high BMI (mean 30.2 ±
7.5 p < .013);[19] ATG-treated patients with systemic arterial
hypertension (SAH) (100% cases p < .003);[19] and the use
of prophylactic ciprofloxacin (RR = 1.1 p < .017).[20] The in-
traoperative contextual stimuli were: delayed sternal closure
(Univariable HR = 3.54 p = .003; Multivariable HR = 3.12 p
< .003);[18] and use of the VAD in peri-transplantation (Uni-
variable HR = 3.54 p = 0.003 p < .001).[18] As postoperative
contextual stimulus: additional induction immunosuppres-
sion (Univariable HR = 2.95 p = .01; Multivariable HR =
2.68 p < .02).[18]

The risk factors classified as preoperative residual stimuli
included: cytomegalovirus CMV disease (HR = 1.39 p =
.75);[18] cytomegalovirus donor+/recipient+ (RR = 2.9 p
= .68);[20] dilated cardiomyopathy (RR = 1.3 p = .76);[20]

emergency-type surgery (RR = 1.3 p = .66);[20] indication for
transplant and ATG-treated females with previous pregnancy
(100% p = .393);[19] male patient (RR = 1.1 p = .933);[20]

ATG-treated patients with diabetes mellitus (66.7% cases p
= .07); diabetes mellitus (RR = 1.4 p = .58);[20] age mean
higher (57.3 ± 7.9);[19] ATG-treated female patients (33.3%
p = .45).[19] The intraoperative residual stimuli were: is-
chemic time, mean (198.2 ± 62 p = .59);[19] over 2 hours of
CPB (RR = 2.6 p = .1)[20] and transfusion (p < .010).[19] Post-
operative residual stimuli were not identified. The NYHA
class IV (Univariable HR = 0.8 p = .676)[20] have been iden-
tified as protective factor.

Theory propositions
Considering that situation-specific theories are systematic ar-
ticulations of coherent sets of propositions, ten propositions
were created:
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1) Surgical Site Infection is an ineffective response of human
adaptive systems who have undergone heart transplantation;
2) Heart transplantation is the stimulus (focal stimulus) most
immediately confronting the human adaptation process when
SSI emerges;
3) Reoperation in less than 10 days, high BMI, treatment
for systemic arterial hypertension (SAH), and use of pro-
phylactic ciprofloxacin are stimuli (contextual stimuli) that
consistently can affect the focal stimulus during the preoper-
ative period in order to provoke the human adaptive system’s
ineffective response (SSI);
4) Delayed sternal closure and use of ventricular assist de-
vice in peritransplantation are stimuli (contextual stimuli)
that consistently can affect the focal stimulus during the in-
traoperative period in order to provoke the human adaptive
system’s ineffective response (SSI);
5) Additional immunosuppression is a stimulus (contextual
stimulus) that consistently can affect the focal stimulus dur-
ing the postoperative period in order to provoke the human
adaptive system’s ineffective response (SSI);
6) Contextual stimuli for infection may be linked to patient
practices. In a person’s dimension, health management and
living habits (high BMI and treatment for systemic arterial
hypertension) can be modified in nursing interventions;
7) Contextual stimuli may be linked to and professional di-
mension. Surveillance in additional immunosuppression can
be modified by high care standards and by application of the
protocols and guidelines;
8) Heart disease, dilated cardiomyopathy, emergency-type
surgery, indication for transplant and pregnancy, diabetes
mellitus, infection by CMV, age, and sex are stimuli (resid-
ual stimuli) that, during the preoperative period, have unclear
significance in interfering the human adaptive system’s inef-
fective response (SSI);
9) Ischemic time, over 2 hours of CPB, and transfusion
are stimuli (residual stimuli) that, during the intraoperative
period, have unclear significance in interfering the human
adaptive system’s ineffective response (SSI);
10) Although in the epidemiological view, the association
with infection is uncertain for residual stimuli, from the per-
spective of adaptation these adaptation stimuli are relevant
to the clinical judgment of nurses and can be considered
potentially as data of the populations at risk and associated
conditions.

4. DISCUSSION

From the point of view of categorization and alignment be-
tween theory and practice, it seems to have been successful
to associate risk factors with the Roy Adaptation Model’s
concepts of stimuli. The use of the theoretical structure

expressed in the focal, contextual and residual stimuli, as
well as representation in an iconographic model (see Figure
3), can provide a categorical description and a classifica-
tion of risk factors (stimuli). These characteristics would
potentially assist nursing professionals in understanding the
relationships between stimuli and in adopting a more holistic
evaluation and intervention perspective when dealing with
the phenomenon represented by surgical site infection.

The heart transplant focal stimulus, despite not being a modi-
fiable factor, represents a primary category of stimulus for
activating the individual’s adaptive system and a relevant
issue to guide the clinical judgment of nursing. For the
nursing diagnosis Risk for Surgical Site Infection, cardiac
transplantation is incorporated into the category of associ-
ated condition as type of surgical procedure.[21] Associated
conditions are not independently modifiable by the nurse,
although they can support accuracy in nursing diagnoses.

The results indicate a higher concentration of contextual
stimuli in the preoperative and intraoperative periods. In the
preoperative period, patients with BMI > 24.5 had higher risk
of SSI, because excess weight can alter the immune system,
which in turn can lead to greater susceptibility to infections.
It is necessary to point out that, despite obesity representing
a contextual stimulus for SSI, morbid obesity was not con-
figured as a risk factor for SSI, neither for mortality.[19] The
treatment of SAH, also characterized as contextual stimulus
for SSI, is directly related to obesity.[22]

The occurrence of reoperation in less than ten days, identi-
fied as another contextual stimulus of the preoperative period,
triggers a new focal stimulus in the ongoing response process.
This situation exposes the individual to the access of new con-
textual stimuli, as well as reactivates previously concluded
response processes.

The identification of the use of prophylactic ciprofloxacin as
contextual stimulus can strengthen the contraindication of
antibiotic therapy in isolation. Better results were observed
when there was an association between ciprofloxacin and
other antibiotics as preventive measure for SSI.[20] However,
it is necessary to consider that the analysis was based on
a limited sample and its results should not be considered
separately from the clinical evaluation.

Intraoperative contextual stimuli encompass procedures or
situations related to surgery, being the modulators of the
operative process (focal stimulus). The recognition of these
situations enables the nurse to develop preliminary actions to
reduce the chances of their emergence. Furthermore, under-
standing the procedural technologies that act as contextual
stimuli for SSI allows the organization and systematization
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of nursing care focused on patient safety and on infection
prevention.

Among the use of technologies, the use of VAD in peri-
transplantation was identified as a contextual stimulus. The
use of this technology makes surgical procedures more com-
plex, thus leading to a predisposition to fungal colonization,
exposition to a fungal conidia environment and use of broad-
spectrum antibacterial agents.[18] Still, regarding the intra-
operative contextual stimuli, another situation detected was
delayed sternal closure as stimulus for SSI caused by fungal
infection. Delayed sternal closure can be understood as a situ-
ation of response to the use of technologies and consequently
to the surgery’s complexity. In this sub-group of Tx heart
receptors, antifungal prophylaxis in peri-transplantation must
be considered.[18]

Fungi can be involved in SSI after heart transplant.[23, 24]

This fact may be related to prolonged hospital stay[25, 26] and
to the immunosuppressive drugs prescribed to patients with
transplant;[27, 28] however, evidence supporting universal an-
tifungal prophylaxis in patients undergoing heart and lung
transplantation is still inconsistent.[29]

With regard to the postoperative context, the studies ob-
tained in the review characterized additional immunosuppres-
sion (use of corticosteroids, azathioprine and cyclosporins)
as contextual stimulus. However, findings from a system-
atic review with meta-analysis that compared the use of
interleukin-2 receptor antagonists (IL2RA) with polyclonal
anti-thymocyte antibodies (ATG) during the early postopera-
tive period showed similar risk of infections[30] and findings
from a Cochrane Systematic Review that compared immuno-
suppressive T-cell antibody induction with placebo, or no
antibody induction, or another kind of antibody induction for
heart transplant recipients showed no significant differences
among any of the comparisons for infection.[31]

The evidence show that severe incisional complications were
more frequent in patients using everolimus (6.9%) compared
with azathioprine (4.2%; p = .197) or Mycophenolate mofetil
(1.2%; p = .051).[19] In this sense, every patient undergoing
heart transplant should be monitored for signs of SSI; and
professionals should be aware that the use of immunosup-
pression may alter some aspects of this diagnosis and of the
severity of symptoms.[32]

The preoperative residual stimuli heart disease, infection by
cytomegalovirus (CMV), indication for transplant, diabetes
mellitus, age, female gender, male gender, pregnancy, di-
lated cardiomyopathy, and emergency-type surgery were sup-
ported by inconsistent results. In the intraoperative context,
ischemic time, more than 2 hours of cardiopulmonary by-

pass, and transfusion are residual stimuli that demand greater
attention from the scientific community so more robust con-
clusions about the role of these factors in the occurrence of
SSI may be found.

The non-identification of postoperative residual stimuli in-
dicates the need to evaluate risk factors in the postoperative
period of cardiac transplantation through exploratory studies,
and then classifies them theoretically.

The theoretical propositions were elaborated by a research-
theory strategy using empirical generalizations procedures.
They were constructed by hypotheses or principles and by
relational propositions between two or more concepts, using
evidence of clinical studies. The situation-specific theory
only applies the propositions of Roy[9] about stimuli, which
reduces their connections with the propositions of the Roy
Adaptation Model as a whole. However, the proposition
of humans as systems in constant adaptation seems to be
confirmed not by their effects, but by the risks of a need for
future adaptation when facing the infection. Furthermore,
the proposition of health as a reflection of the interaction
or adaptation of adaptive systems seems to be valid, in the
context of this situation-specific theory.[9]

Limitations
This theory lacks considerations on the sociopolitical, cul-
tural, and/or historic contexts inherent to each nurse-patient
encounter. That is due to the lack of knowledge built on
this aspect of the phenomenon of interest. Further studies
on the contexts involved in nurses-HT patients encounters
are needed in order to refine the theory. Literature searches
resulted in very few studies, which limits the strength of the
claims.

5. CONCLUSION
Nurses need to be aware of the surgical site infection-related
stimuli in patients undergoing heart transplantation in order
to prevent death, to decrease length of hospital stay and to
avoid other major complications and risks. The emerging
theory can help nurses to prevent surgical site infections in
patients undergoing heart transplantation by recognizing the
focal, residual, and contextual stimuli that confront human
adaptive systems. Further developments must be made in
order to consider the contexts in which the nurse-HT pa-
tient relations are in during the prevention of surgical site
infections.

The Roy Adaptation Model proved to be a theoretical struc-
ture that is able to provide conceptual categories that were
compatible with the classification of scientific evidence, the
risk factors of surgical site infection. The adoption of the
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theoretical concept of “stimuli” and their alignment with the
clinical concept of “risk factors” seem to be an appropriate
strategy to build this theory.

Heart transplant was understood as focal stimulus, being a
primary category to activate an individual’s adaptation sys-
tem. The relevance of using a measurement of association
and of the statistical significance for the categorization of
risk factors as contextual and residual stimuli is emphasized.
Finally, the classification of stimuli according to the opera-
tive period (preoperative, intraoperative and postoperative)
can facilitate the assessment in relation to the focal stimulus,

especially when applying the iconographic model proposed
in the theory.
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