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Results of negative pressure wound therapy for deep sternal wound infections
after cardiac surgery
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ABSTRACT

Objectives: The aim of this study was to present the outcomes of negative pressure wound therapy (NPWT) for deep sternal wound
infection (DSWI) after cardiac surgery.

Patients and methods: Sixty-eight patients (35 males, 33 females; mean age: 60.1+10.1 years; range, 18 to 80 years) who underwent
coronary artery bypass surgery or valvular heart surgery between January 2017 and December 2021 were retrospectively reviewed. Patients
who underwent NPWT for DSWI after cardiac surgery were included in the study. Baseline and postoperative characteristics of the
patients were presented. Previously claimed risk factors for mortality were investigated.

Results: The time interval between cardiac surgery and diagnosis of DSWI was 35.8+30.2 days. The mean duration of NPW'T was
21.1+11.8 days. In-hospital mortality was 14.7%. Coagulase-negative staphylococci were the most frequently isolated microorganism
(n=26, 38.2%), followed by Klebsiella spp. (n=10, 14.7%). The only factor associated with higher mortality was the female sex in our DSWI
patients.

Conclusion: Negative pressure therapy is a safe and reliable treatment option in patients with DSWI with or without sternal dehiscence.

Keywords: Cardiac surgical procedures, negative pressure wound therapy, sternum, surgical wound infection.

Despite increasing experience and advancements in
surgical techniques, sternal wound infection remains a
challenging complication after cardiac surgery. Deep
sternal wound infection (DSWI) following cardiac
operations is relatively rare compared to other surgical
site infections.”) However, DSWTI is life-threatening
and difficult to treat, and its incidence is reported to be
between 1 and 6%.1% It is associated with prolonged
length of stay and increased morbidity, mortality, and
healthcare costs.*

Risk factors for DSWI
literature include advanced age, diabetes, obesity,
use of cigarettes, chronic renal disease, and chronic
pulmonary disease.>* The use of bilateral internal
thoracic artery (BITA) is also an operation-related
risk factor known to increase DSWI risk.?! Rupprecht
and SchmidP! have classified sternal complications of
cardiac surgery according to the associated clinical
findings. Noninfected sternal instability can always
be treated by primary sternal closure with or without
debridement. In contrast, DSWI without sternal

reported in the
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instability needs to be treated by surgical debridement
with negative pressure wound therapy (NPWT)
followed by wound revision and sternal closure.!”
Deep sternal wound infection with sternal instability
is a more complex pathology and often needs advanced
interventions such as muscle flaps.™

Treatment of DSWI is challenging, long-lasting,
and lacks a standardized algorithm. Conventional
treatment modalities are associated with increased
mortality ranging from 19 to 25%.¢ Negative
pressure wound therapy was first described in 1997
by Argenta and Morykwas” for enhanced wound
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healing. Since then, their technique has been applied
for sternal wound infections after cardiac surgery and
with improved outcomes.’®” The aim of this study was

to present the outcomes of NPW'T for DSWI after

cardiac surgery.

PATIENTS AND METHODS

This retrospective study was conducted with at
the Istanbul Medeniyet University, Goéztepe Prof.
Dr. Stleyman Yalgin City Hospital, Department of
Cardiovascular Surgery between January 2017 and
December 2021. Patient data were collected from
hospital records in a high-volume cardiac center.
Laboratory workups and microbiological culture
results, including blood and wound culture, were
recorded. Previously known risk factors, such as
diabetes, advanced age, higher body mass index,
active smoking, renal disease, and chronic pulmonary
disease, were investigated. The outcomes of interest
were the time of DSWIT onset, length of hospital stay,
and mortality. The study population was selected
from patients who underwent coronary artery bypass
surgery (CABG) or valvular heart surgery via median
sternotomy. Patients with DSWI who required
NPWT were included in the study. Patients who
underwent aortic or cardiac surgery other than CABG
or valvular heart surgery were excluded from the study.
In addition, superficial sternal infections, which do
not require NPW'T therapy, minimal invasive cases
(e.g., J-sternotomy), patients with infection of any site
before the surgery, including emergency cases, and
reoperations were excluded. The follow-up records
of eight patients could not be reached, and they
were excluded from the study. Among the patients
who operated within the study period, 68 patients
(35 males, 33 females; mean age: 60.1x10.1 years;
range, 18 to 80 years) with DSWI after cardiac surgery
who met the criteria were included in the study. A total
of 8,221 open heart surgery patients were operated
on within five years in our center. Thirteen DSWI
patients who did not meet the inclusion and exclusion
criteria were excluded from the study. Approximately
1% of patients were diagnosed with DSWI within the
study period.

The diagnosis of DSWI was made according to
the presence of at least one of the following criteria:
isolation of microorganism from mediastinal tissue or
fluid, presence of mediastinitis, or existence of sternal
instability, chest pain, or fever (>38°C). Purulent
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drainage from the mediastinum in addition to the
isolation of microorganisms from blood culture or
mediastinal discharge, purulent mediastinal discharge,
or widening mediastinum in radiological imaging was

also considered DSWI.0I

All patients took a preoperative bath with
chlorhexidine. The staphylococcal colonization was
checked with nasal swabs, and topical mupirocin
was administered to patients with staphylococcal
colonization. The patients were transferred to
the intensive care unit following the operation,
to the ward on the first or second postoperative
day, and discharged from the hospital between
the 7" and 10™ postoperative day. If DSWI
was observed, blood and wound cultures were
performed. Perioperative prophylactic antibiotics
were given to all patients, and empirical antibiotics
were initiated upon the recommendation of the
infectious disease department to patients with
suspected infections. Antibiotherapy was revised
according to culture antibiogram results. In patients
with DSWI, NPWT (Confort C300 NPWT
Therapy Unit, Eskisehir, Tirkiye) in intermittent
therapy mode with standard wound closure sets was
applied after a sharp and satisfactory debridement
of the necrotic and infected tissue. The NPWT set
was replaced every 48 to 72 h. The sternal fixation
by steel wires was performed in the presence of
sternal dehiscence. Diagnosis of mediastinitis in
patients with DSWI was made with positive wound
cultures, symptoms of infection such as fever,
angina, sternal instability, and radiological findings
on the computer tomography.

Statistical analysis

Statistical analysis was performed using the
Jamovi version 1.2.27 software (Sidney, Avustralya).
Descriptive data were expressed as mean * standard
deviation for continuous variables and number
(frequency) for categorical variables. Univariate
logistic regression analysis was performed for
variables that were previously reported as risk factors
for in-hospital mortality. A p value of <0.05 was
considered statistically significant.

RESULTS

The baseline characteristics of the patients
are presented in Table 1. Forty-five (66.2%)
patients had diabetes mellitus, and 43 (63.2%)

WWW. G-C\'Fi.()l"g
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Table 1 Table 2
Baseline characteristics Isolated microorganisms in sternal cultures
Variables n % Mean+SD Microorganism n %
Age (year) 60.1+10.1 Staphylococcus aureus 9 13.2
Female sex 33 48.5 MRSA 4 5.9
Hypertension 42 61.8 MSSA 5 7.4
Diabetes mellitus 45 66.2 Coagulase-negative Staphylococci 26 38.2
Obesity 43 63.2 Enterobacter spp. 5 74
Active smoking 34 50.0 Klebsiella spp. 10 14.7
Chronic pulmonary disease 21 30.9 Escherichia coli 1 1.5
Chronic kidney disease 30 44.1 Acinetobacter spp. 9 13.2
SD: Standard deviation. Candida spp- 6 8.8
Proteus spp. 2 29
Morganella spp. 1 1.5
had obesity. Sternal wound cultures were taken Corynebacterium spp. 4 59
as soon as possi!ale after detectin‘g DSWI. Serratia spp. 1 15
Isolated microorganisms are presented in Table 2. .

. . Stenotrophomonas maltophilia 2 29
Coagulase-negative staphylococci were the most — =
£ Iv isol d . . ( -26. 38 2(y) MRSA: Methicillin-resistant Staphylococcus aureus; MSSA: Methicillin-

I'CqU.CIlt y 1s0 ate microorganism (n=z0o, -2 70 susceptible Staphylococcus aureus.

in our DSWI patients, followed by Klebsiella spp.
(n=10, 14.7%), Staphylococcus aureus (n=9, 13.2%]),
and Acinetobacter spp. (n=9).

Postoperative and follow-up data are shown
in Table 3. The mean time interval from the
time of surgery to the detection of DSWI was
35.8+£30.2 days, and the mean duration of NPWT
was 21.1+11.8 days. The patients with DSWI had a
longer length of stay with a mean of 58.2+49.5 days.
In-hospital mortality was observed in 10 (14.7%)
patients.

The result of the univariate logistic regression
analysis performed on known risk factors for DSWI
and mortality is given in Table 4. None of the variables

were found to be associated with higher mortality
except for the female sex in our study group. Eight out
of 33 female patients had in-hospital mortality. Except
for the two deceased patients, the sternal wounds of
the other patients healed. All patients were discharged
with recovery. The follow-up of the patients after
discharge was not included in our study.

DISCUSSION

Deep sternal wound infection is a severe
complication after cardiac surgery and requires

special attention. While the incidence of DSWI

Table 3
Postoperative characteristics of the patients

Variables n % Mean+SD
Time from operation to detection of DSWI (days) 35.8+30.2
Time to eradication of pathogen (days) 24.3+19.3
Duration of NPW'T (days) 21.1+11.8
Sternal dehiscence 17 25.0

Reconstruction by a muscle flap 2 2.9

Length of hospital stay (days) 58.2+36.3
In-hospital mortality 10 147

SD: Standard deviation; DSWI: Deep sternal wound infection; NPWT: Negative pressure wound treatment.

Cardiovascular Surgery and Interventions, an open access journal
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Table 4
Logistic regression analysis of risk factors for DSWI in predicting mortality
95% CI
HR Lower Upper ?

Age 1.003 0.938 1.070 0.927
Female gender 5.280 1.030 27.064 0.046
Diabetes mellitus 0.731 0.184 2.901 0.656
Active smoking 0.622 0.159 2.439 0.496
Obesity 2.629 0.512 13.502 0.247
Chronic kidney disease 1.320 0.344 5.062 0.686
DSWI: Deep sternal wound infection; CI: Confidence interval; HR: Hazard ratio.

after CABG is as low as 0.3 to 2.3%,%'2 the
associated mortality rate can be as high as 36%.1%
Early closure of the sternal wound following a sharp
debridement in DSWI cases appears as a treatment
option to prevent secondary infection. Still, it may
also predispose to the spread of infection.l>!3 Sternal
closure following NPW'T, which provides a clean
wound with granulation tissue, is a more reasonable
option.”! In DSWI cases after cardiac surgery, the
mortality rate was quite higher before NPW'T, and
the mortality rate was noticeably decreased after the
use of NPWT.B1! Morisaki et al.l'¥! reported that
mortality in DSWI patients was 38% before NPW'T
use, and this rate decreased to 5% after NPW'T use.
The in-hospital mortality was 14.7% in our study
population, which seems significantly lower than the
mortality rates in previous studies.'>* The beneficial
effects of NPW'T on sternal wound healing could be
listed as follows: it maintains chest wall stability,
promotes granulation tissue, decreases wound edema,
and provides drainage of excessive and infected fluid
in case of a persistent infection. 141 Mobilization of
the patient is also possible with NPW'T that provides
sternal stabilization.!51%]

Deep sternal wound infection is often an early
complication of cardiac surgery.!*! The time interval
between cardiac surgery and diagnosis of DSWI
is a valuable parameter in treatment outcomes.
Delayed diagnosis may negatively affect the success
of treatment, whereas early diagnosis may prevent the
further spread of the infection.'Y) Negative pressure
wound therapy is recommended to be initiated as soon
as possible, particularly if the sternal wound closure

is expected to be delayed.*'! The DSWI study by

Cardiovascular Surgery and Interventions, an open access journal

Bugra et al. reported 21.3% mortality, and the mean
time between the diagnosis of DSWI after the first
cardiac surgery was 50.4+172.5 days. In our opinion,
relatively early detection of DSWI (35.8+30.2 days)
in our study plays a vital role in the slightly better
mortality rate (14.7%). In addition, NPWT was
initiated as soon as possible in all patients diagnosed
with DSWI, which could also explain the better

outcomes in our study.

According to the study by Lepelletier et al.,l'”
Staphylococcus aureus (S. aureus) is the most frequently
isolated microorganism in DSWI patients (40%),
followed by coagulase-negative staphylococci (30%).
Similarly, in our study population, the most isolated
microorganisms were coagulase-negative staphylococci
(38.2%), Klebsiella spp. (14.7%), and §. aureus (13.2%).
Although routine preoperative nasal swabs are obtained
from all patients, and mupirocin ointment is given to
eradicate staphylococcal nasal colonization as the
guidelines recommend, these measures cannot prevent
Staphylococcus spp. from being the most frequently
isolated microorganism in the DSWI cases.'"® In
methicillin-resistant §. aureus cases, it is necessary to
perform extensive and sharp tissue debridement to
prevent severe tissue destruction and inflammation
due to antibiotic resistance.!”

Female sex, hypertension, diabetes mellitus,
obesity, active smoking, chronic pulmonary disease,
and chronic renal disease, which are considered risk
factors for DSWI in the literature,>*'* were observed
at very high rates ranging from 30.9 to 66.2% in
our DSWI patients. Among these risk factors, the
only risk factor that was shown to be associated with

WWW.e-Cvsi .org
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increased mortality was the female sex in our study
population. In the literature review article for DSWI
patients presented by Phoon and Hwang,*! female sex
was considered an independent risk factor for DSWI.
When we looked for the impact of female sex on
mortality in DSWI patients, no evidence was found
on the subject. Although we found female sex as a risk
factor for mortality in our study population of DSWI
patients, this issue needs to be supported by further
prospective studies.

The management of DSWI, particularly with
sternal instability, needs special care and attention,
with further interventions often necessary. Sternal
dehiscence may give rise to DSWI. The Robicsek
sternal closure technique is beneficial and helps to
provide sternal stability in case of multiple sternal
fractures.'>2% If the primary closure of the sternum
cannot be achieved, reconstructive surgery by a
tissue flap can be an alternative.222l We used the
Robicsek sternal closure technique to provide sternal
stability in cases with multiple sternal fractures. In
two of these patients, primary closure could not be
achieved, so reconstructive surgery by a muscle flap
was required.

Despite several studies and reviews, there are
no clear guidelines for DSWI. Dr. Lazar has
extensively studied the field of sternal wound
infections.[®1121 According to these studies, DSWI
patients should be managed with a multidisciplinary
approach, and NPW'T should be initiated as soon as
possible. There are also several reviews that propose
an algorithm for the management of DSWI.141520]
However, a widely accepted algorithm does not
exist.

The retrospective design of the study is a
significant limitation. Since we present the outcomes
of NPWT after DSWI, there is no control group
to compare for morbidity and mortality in the
study; however, we could compare our results with
previously reported outcomes with DSWI. Two
patients with BITA use were both nondiabetics;
therefore, BITA use was not included in the statistical
analysis considering its limited number. Although the
single-center design of our study may be a limitation,
our clinic is a high-volume center serving a large
population, allowing us to share our experience with
a high number of yearly cases.

In conclusion, cardiac surgery patients can be
complicated with DSWI despite the increasing

Cardiovascular Surgery and Interventions, an open access journal

145

surgical experience and better outcomes. Negative
pressure wound therapy is a safe and reliable
treatment option in DSWI patients with or without
sternal dehiscence and is recommended to be
initiated as soon as possible. The most frequently
isolated microorganisms were coagulase-negative
staphylococci (38.2%), Klebsiella spp. (14.7%), and
S. aureus (13.2%). Female sex was the only factor
that was shown to be associated with increased
mortality in our DSWT patients.

Ethics Committee Approval: Ethical approval was
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ABSTRACT

Objectives: This study aimed to compare the efficacy and safety of the treatment in patients with deep vein thrombosis (DVT) and
mechanical mitral valve replacement (MVR) who were treated with warfarin for different indications.

Patients and methods: A total of 536 patients (314 males, 222 females; mean age: 55.6+10.8 years; range, 18 to 89 years) were retrospectively
reviewed between January 2016 and January 2020. The patients were evaluated in two groups: 273 DVT patients (149 males, 124 females;
mean age: 56.7£11.3 years) who received long-term therapy (six months) and 263 mechanical MVR patients (165 males, 98 females; mean
age: 56.2+9.4 years). Both groups were compared in terms of the percentage of time in the therapeutic range (T TR), the time to reach the
target international normalized ratio (INR), and warfarin related complications.

Results: The number of total hospital visits and total INR measurements for six months in the MVR group was statistically significantly
higher than in the DVT group (p<0.001). The duration and percentage of TTR in the first three and six months of the MVR group were
statistically significantly higher than the DVT group (p<0.05).

Conclusion: More MVR patients remained in the therapeutic range than DVT patients due to the frequent hospital visits of these patients
for various reasons; thus, it may be beneficial to increase the frequency of follow-up examinations or measurements of INR in patients who

have started warfarin treatment for an indication other than valve replacement.

Keywords: Anticoagulants, deep venous thrombosis, heart valve prosthesis, therapeutic range, warfarin.

The most recognized way to measure the therapeutic
effectiveness and quality of warfarin treatment over
time is to measure the percentage of time in the
therapeutic range (TTR).M It has been shown that
high TTR rates are associated with a lower risk of
complications in terms of bleeding in patients using
warfarin.l?)

Deep vein thrombosis (DVT) patients often go to
the hospital only for international normalized ratio
(INR) control. However, patients with mechanical
valve replacement (MVR) frequently apply to the
hospital for wound evaluation and routine cardiac
examinations, particularly in the first postoperative
month. Therefore, this increases the number of clinical
visits of patients. In this study, we predicted that the
group with a higher number of hospital visits could
potentially have better T'TR rates.

When the literature was reviewed, there was
no study comparing venous thrombus patients
and patients who underwent mechanical valve
replacement in terms of anticoagulation quality and
complications. Hence, DVT and MVR patients were

Cardiovascular Surgery and Interventions, an open access journal

compared in terms of the percentages of TTR and
supratherapeutic INR-related bleeding complications,
aiming to compare the efficacy and safety of the
treatment in patients who received warfarin for
different indications.

PATIENTS AND METHODS

This retrospective study was conducted with
536 patients (314 males, 222 females; mean age:
55.6+10.8 years; range, 18 to 89 years) on oral
anticoagulation with warfarin at the Katip Celebi
University, Faculty of Medicine, Department of
Cardiovascular Surgery between January 2016 and
January 2020. Data obtained from the hospital
registry system. The patients were evaluated in two
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groups: 273 DV'T patients (149 males, 124 females;
mean age: 56.7t11.3 years) who received long-
term therapy (six months) and 263 mechanical
MVR patients (165 males, 98 females; mean age:
56.2+9.4 years). Both groups were compared in
terms of the percentage of TTR, the time to reach
the target INR, and warfarin-related complications.
Both groups were followed up by our team in our
anticoagulation clinic for the first six months.
Data including the initial demographic and clinical
characteristics of the patients, INR measurements,
number of clinical visits over a six-month period,
and the number of INR measurements performed
over a six-month period were recorded. In line with
the recommendations of the literature, the target
INR range was accepted as 2.0 to 3.0 in DVT
patients, and the target INR range was accepted
as 2.5 to 3.5 in patients with mechanical MVR.B4
The T'TR was calculated using the Rosendaal linear
interpolation method.’) Inclusion criteria were
patients who received anticoagulant therapy by
indication of isolated mechanical MVR or venous
thromboembolism. Exclusion criteria were patients
with chronic renal failure or hypercoagulability
syndrome, and cancer patients receiving
chemotherapy. Patients were excluded if the INR
was measured less frequently than once every two
months in both groups. In addition, patients who
underwent redo surgery in the mechanical valve
group were excluded.

The definition of the complication was patients
hospitalized with Grade 2 or higher bleeding
according to the World Health Organization
(WHO) Bleeding Scale due to supratherapeutic

Cardiovasc Surg Int

INR. Comparing the complications associated
with the subtherapeutic INR was not suitable
for this study as it was not fair to compare valve
complications with recurrent DV'T.

Blood product transfusion was decided according
to previously published studies.*” Accordingly,
fresh frozen plasma and erythrocyte suspension
replacement was performed in patients with
supratherapeutic INR (INR >5) and bleeding higher
than Grade 2 according to the WHO Bleeding Scale.

Statistical analysis

All analyses were performed using IBM SPSS
version 22.0 software (IBM Corp., Armonk, NY,
USA). Descriptive statistics were calculated for
baseline characteristics of patients. Kolmogorov-
Smirnov and Shapiro-Wilk tests were employed to
test the normality of data. Continuous variables were
described as mean * standard deviation, and categoric
variables were presented as counts (percentages).
We tested factors in univariate analyses (t-test and
chi-square test). A p value <0.05 was considered
statistically significant.

RESULTS

No statistically significant difference was found
between the groups in terms of age, sex, smoking,
arterial hypertension, diabetes mellitus, and prior
cerebrovascular events (Table 1).

The number of total INR measurements for
six months in the MVR group was statistically
significantly higher than in the DVT group
(p<0.001, Table 2). In addition, the number of total

Table 1
Patient demographics and clinical features

DVT group (n=273) MVR group (n=263)
n % Mean+SD n % Mean+SD p

Age (year) 56.7+11.3 56.2+9.4  0.476
Sex 0.055

Female 124 45.4 98 37.3

Male 149 54.6 165 62.7
Smoking 67 24.5 58 22.1 0.496
Hypertension 55 20.1 63 24.0 0.287
Diabetes mellitus 22 8.1 23 8.7 0.774
Cerebrovascular events 9 3.3 13 4.9 0.989
DVT: Deep vein thrombosis; MVR: Mitral valve replacement; SD: Standard deviation.
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Table 2
Three-and six-month follow-up results

DVT group (n=273) MVR group (n=263)
n % Mean+SD n % Mean+SD p

Total INR counts, in six months 4.40+0.72 5.06+0.91 *<0.001
Total hospital visit counts, in six months 4.41+0.71 5.20+0.88  **%<0.001
TTR, in three months 46.6+18.3 49.7+16.8 *0.046
Percentage of TTR, in three months 51.8+20.3 55.6+18.8 *0.026
TTR, in six months 106.0+26.7 116.0£28.7  **0.001
Percentage of TTR, in six months 58.9+14.8 64.8+16.0 *<0.001
Complication 54 19.8 49 18.6 0.736
WHO Bleeding Scale Grade 22 7 2.5 8 3.0 0.737
Blood transfusion 27 10.3 23 8.4 0.464
FFP (units) 3.0+1.6 2.8+1.7 0.420
ES (units) 2.7+1.4 1.7+0.6 0.061
SD: Standard deviation; INR: International normalized ratio; TTR: Time in Therapeutic Range; WHO: World Health Organization; FFP: Fresh Frozen Plasma;
ES: Erythrocyte Suspension.

hospital visits for six months in the MVR group was
statistically significantly higher than in the DVT
group (p<0.001, Table 2).

The mean TTR in the first three months in the
DVT group was 46.6+18.3 days. The percentage of
TTR in the first three months was 51.8%. In the same
group, the mean TTR in the first six months was
106.0+26.7 days, and the TTR percentage was 58.9%.
The mean TTR and percentage of the first three
and six months in the MVR group were 49.7£16.8
days, 55.6% and 116.0+28.7 days, 64.8%, respectively.
Thus, the duration and percentage of TTR in the
first three and six months of the MVR group were
statistically significantly higher than the DV'T group
(p<0.05, Table 2).

When the DVT group (n=54, 19.8%) and MVR
group (n=49, 18.6%) were compared in terms of
hospitalization history due to supratherapeutic INR,
there was no statistically significant difference between
the groups (Table 2). When the patients hospitalized
due to supratherapeutic INR were evaluated, Grade
2 and higher bleeding was detected according to the
WHO Bleeding Scale in seven (2.5%) patients in the
DVT group and eight (3.0%) patients in the MVR
group, and no statistically significant difference was
found between the groups (Table 2). Additionally, the

blood transfusion rate and the number of transfused
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blood products did not differ significantly in both
groups (Table 2).

DISCUSSION

Prior studies have reported strong associations
between TTR and the efficiency and safety of the
treatment.">! One of the basic principles behind
keeping the TTR percentage high is undoubtedly
patient compliance.!' Since the preoperative,
operative, and postoperative processes for heart valve
replacement patients are much more demanding than
those for DVT patients, we designed this study based
on the assumption that treatment compliance may
be better in these patients. Therefore, to compare
the efficacy and safety of warfarin treatment in
DVT and prosthetic mitral valve patient groups
were compared in terms of TTR percentage and
complication rates.

It is a known fact that the demographic
characteristics of the patients are associated with
effective anticoagulation.'?¥ In our study, we
evaluated both patient groups in terms of demographic
data, and we could not find a statistically significant
difference between the groups. The homogeneity of
the demographic data made the results of the study
valuable.
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There are limited studies examining the T'TR
percentages of patients using warfarin for different
indications. However, there are no comparisons
of different indications in these studies. In one of
these studies, the median TTR percentage in DVT
patients using warfarin was reported as 71.1%.0'
In another study, the median TTR percentage was
reported to be 60% in patients with mechanical
prosthetic valves.’ In our study, both the first
three-and six-month TTR percentages in the MVR
group were found to be statistically significantly
higher than those in the DVT group. One of the
main reasons is that the prosthesis valve operation
process is much more demanding than the DVT
treatment process, so patient compliance is likely
to be higher. In our opinion, another reason is that
MVR patients require more hospital visits than the
DVT group. In our study, when patient groups were
evaluated in terms of total hospital admissions during
the six-month follow-up, there was a statistically
significantly higher number of admissions in the
MVR group. While DVT patients mostly went to the
hospital for INR control alone, MVR patients were
frequently admitted for wound site evaluation and
cardiac routine examinations, particularly in the first
postoperative month. In addition, it was understood
from the outpatient clinic registry system that these
patients were immediately admitted to the hospital
even with noncardiac infectious or noninfectious
symptoms.

There are reported results regarding the
relationship between TTR and bleeding
complications. It was reported that the rate of
major bleeding complications was reported between
1.0 and 2.36 in 100 patients using warfarin.!*"]
In the study of Kavasoglu et al.,['® which included
415 patients using warfarin, the rate of major
bleeding was reported as 2.6%.

When evaluated in terms of bleeding and
complications related to supratherapeutic INR in our
study, there was no statistically significant difference
between the groups. However, the mean TTR
percentages of patients with bleeding complications
in both groups were below 60% both in three months
and six months, and these results were consistent with
the literature.”” Being outside of the TTR does not
necessarily lead to complications. There are patients
with high INR who were incidentally discovered
in our follow-ups and did not have any symptoms
or complications. Therefore, although there is a

Cardiovascular Surgery and Interventions, an open access journal
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serious correlation between being out of T'T'R and the
incidence of complications, this will not be an absolute
relationship. We think that this is the reason there
was no statistically significant difference between the
groups in this sense.

When the groups were evaluated independently,
it was observed that the TTR percentage in the first
six months was higher in both groups compared to
the first three months. This led us to think that
the time elapsed since the initiation of treatment
increased the TTR percentage. Therefore, these
findings can be interpreted as indicating that the
quality of warfarin therapy is largely dependent on
the time elapsed since the initiation of therapy.

The number of INR measurements may have
been effective in the emergence of the statistically
significant difference regarding the T'TR percentages
stated above. In the WARFARIN-TR study
conducted in our country, patients monitored for one
year with an INR <8 (n=1,752) were reported to have
statistically significantly lower TTR levels than those
with an INR >8.17 In our study, in accordance with
the literature, the number of total INR measurements
for six months in the MVR group was statistically
significantly higher than in the DV'T group.

One of the reasons for the better TTR percentage
in the MVR group can be attributed to the knowledge
of or familiarity with therapy, which are a large
part of treatment compliance. It was reported that
patients who had a low level of knowledge regarding
warfarin therapy experienced more problems in terms
of their adherence to the medication."s! Although
most of the MVR patients were discharged with the
subtherapeutic INR, they were already on medication
at discharge. In other words, this was not the first
time they used warfarin when they left the hospital.
When viewed from this aspect, this may have caused a
difference in the patient groups in terms of acceptance
of the disease and compliance with treatment.

There are several limitations to this study. The
study group consisted of a relatively small sample size
compared to large registers. The study was planned in
a retrospective manner. Furthermore, we did not have
enough data on possible confounder variables, such as
educational status, personal income data, occupation,
and caregiver availability, which may have affected
our results.

In conclusion, we found that more MVR
patients remained in the therapeutic range than
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DVT patients due to the high awareness of therapy
process influenced by the difficulty of the MVR
procedure and the frequent hospital visits of
these patients. Therefore, it may be beneficial to
increase the frequency of follow-up examinations or
measurements of INR in patients who have started
warfarin treatment for an indication other than
valve replacement. Studies with larger sample sizes,
different warfarin usage indications, and expanded
sets of sociocultural demographic data of patients will
provide further clarification.
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ABSTRACT

Objectives: In the present study, we investigated the relationship between mentioned markers and chronic total occlusion collateral
development.

Patients and methods: A total of 243 patients (210 males, 33 females; mean age: 63.3+11.5; range, 51 to 76 years) who underwent
coronary angiography due to typical chest pain or myocardial ischemia detected in noninvasive stress tests and diagnosed with
21 major coronary artery occlusion between January and September 2020 were included in the cross-sectional observational study.
The angiographic collateral index was determined according to the Cohen-Rentrop classification. The patients were divided into two
groups according to the sufficiency of collateral development: the well-developed collaterals group (n=155) and the poor-developed
collaterals group (n=88).

Results: Statistically significant parameters in univariate logistic regression analysis were evaluated with multivariate (stepwise)
logistic regression analysis; as a result, presence of chronic total occlusion in left anterior descending artery (odds ratio [OR]=2.447;
95% confidence interval [CI], 1.160-5.162; p=0.019), total number of occlusions (OR=3.503; 95% CI, 1.445-8.494; p=0.006), left
ventricular ejection fraction (OR=1.056; 95% CI, 1.022-1.091; p=0.001), and the atherogenic index of plasma (OR=0.017; 95% CI,
1.022-1.091; p<0.001) were independently associated with well-developed collaterals. Although the triglyceride-glucose index
had statistical significance in the univariate analysis, it was not detected as an independent variable in the multivariate analysis.
The monocyte-lymphocyte ratio was not significant in the univariate analysis.

Conclusion: Of the new atherosclerosis markers, only the atherogenic index of plasma had an independent association with poor collateral
development.

Keywords: Atherogenic index of plasma, chronic total occlusion, coronary collaterals, monocyte-lymphocyte ratio, triglyceride-glucose index.

Coronary angiogenesis and collateral formation are
adaptations that act protectively by supplying blood
flow in the region where severe myocardial ischemia
develops. Infarct size+, frequency of aneurysm
formation, and major cardiovascular events are reduced
owing to the adaptations.!?

Dyslipidemia is a crucial factor contributing to
vascular endothelial dysfunction.’”) Intact vascular
endothelium is essential for coronary collateral
development. Therefore, endothelial
dysfunction may disrupt collateral development. The
fact that collateral development is impaired in diabetes
mellitus and metabolic syndrome that causes vascular
endothelial dysfunction supports this theory.-!

vascular

Inflammation and abnormal glucose and lipid
metabolisms are critical in atherogenesis and substantial

Cardiovascular Surgery and Interventions, an open access journal

risk factors for cardiovascular diseases.%”! Studies
have shown that atherogenic index of plasma (AIP),
triglyceride-glucose (TyG) index, and monocyte-
lymphocyte ratio (MLR) are novel markers for
atherosclerosis, insulin resistance, and inflammation,
respectively.®' Endothelial dysfunction plays a
significant role in initiating the atherosclerosis process;
in addition, it is the common ground of atherosclerosis
risk factors. Considering the relationship between
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coronary collateral development and endothelial
dysfunction, new biochemical markers indicate
atherosclerosis may be associated with collateral
development. In the present study, we aimed to
evaluate the relationship of new atherosclerosis-related
biochemical markers (AIP, TyG index, and MLR)
with the coronary collateral development in chronic
total occlusion (CTO) patients.

PATIENTS AND METHODS

The cross-sectional observational study included
243 consecutive patients (210 males, 33 females;
63.3£11.5; range, 51 to 76 years hospitalized in the
cardiology department of the Rize Training and
Research Hospital between January and September
2020. Patients diagnosed with stable coronary artery
disease (CAD) according to the criteria recommended
by the European Society of Cardiology and had
total occlusion of 21 major coronary vessel detected
with coronary angiography (CAG) were included in
the study.'!! Patients with typical chest pain or with
myocardial ischemia detected in noninvasive stress
tests were included in the study. Coronary artery
bypass grafting, acute coronary syndrome in the last
three months, hematological disease, malignancy,
severe kidney (estimated glomerular filtration rate
<30 mL/min/1.73 m?) or liver disease, ongoing
infection or chronic inflammatory disease, and
autoimmune disease were the exclusion criteria.

The presence of classical cardiovascular
risk factors, such as age, sex, diabetes mellitus,
hypertension, dyslipidemia, and smoking, was
questioned. Patients underwent a transthoracic
echocardiographic examination. Hypertension was
defined as systolic blood pressure 2140 mmHg
or diastolic blood pressure 290 mmHg on repeat
measurements or use of any antihypertensive
drug. Diabetes mellitus was defined as a fasting
plasma glucose level of 2126 or 2200 mg/dL at any
measurement or use of any antidiabetic drug.

Peripheral venous blood samples were obtained
from the patients on the day of hospitalization. The
levels of blood biochemical parameters, including a
lipid panel, fasting glucose, creatinine, and C-reactive
protein levels, were measured. The TyG index was
calculated as In[fasting triglycerides (mg/dL) x
fasting plasma glucose (mg/dL)/2]. The AIP was
calculated by using the following formula: logl0
(TG/HDL-C)."'2 Tt can be classified according
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to the values obtained: -0.3 to 0.1 for low risk,
0.1 to 0.24 for medium, and more than 0.24 for high
risk of CVD.!'3I The MLR was calculated by dividing

monocyte count by lymphocyte count.

Standard selective CAG was performed on all
patients using the Judkins technique with at least
four images for the left coronary system and at least
two images for the right coronary artery. Images
of CAG were reevaluated for analyzing collateral
development by two experienced interventional
cardiologists who were blinded to the study. Collateral
grading was assessed concerning the vessel with the
highest Rentrop grade in case of having more than
one CTO-containing vessel. The degree of coronary
collateral development was determined according to
the Cohen—Rentrop method: Grade 0, no filling of
any collateral vessels; Grade 1, side branch filling of
the recipient artery without filling of the main artery;
Grade 2, partial filling of the main epicardial artery
by collaterals; Grade 3, complete filling of the main
epicardial artery by collaterals.']

The patients were divided into two groups
according to collateral development. Patients
with Grade 0 to 1 Rentrope were included in
the poor-developed collateral group, and patients
with Grade 2 to 3 Rentrope were included in
the well-developed collateral group. Coronary
angiograms of 243 patients were analyzed, and
according to the Cohen-Rentrop method, well-
developed collaterals were observed in 155 (63.7%)
patients, while poor-developed collaterals were
observed in 88 (36.2%) patients.

Severe CAD was defined as stenosis of more than
50% in vessels greater than 1.5 mm in diameter.
Coronary total occlusion was defined as lesions
present for more than three months, in which the
artery shows either the complete interruption of
antegrade blood flow on angiography or minimal
contrast penetration through the lesion without distal
vessel opacification.!']

Statistical analysis

Statistical analysis was performed using IBM
SPSS wversion 20.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were tested for normal
distribution using the Kolmogorov-Smirnov test,
the Shapiro-Wilk test, and visualization methods
(histograms and probability plots). Data were
expressed as meansstandard deviation (SD) for
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Table 1
Baseline characteristics of the groups

Poor collateral flow (n=88) Good collateral flow (n=155)
Variables n %  Mean+SD Mean  25%h-75% n %  MeantSD Mean 25%-75t% ?
percentile percentile

Age (year) 61.5+10.9 64.4+9.9 0.034
Body mass index (kg/m?) 29.5+3.7 28.2+3.8 0.043
Sex

Female 8 9.1 25 161 0.465
Previous PCI 33 375 50 323 0.408
Type 2 DM 37 42 44 284 0.022
Hypertension 63 716 97  62.6 0.099
Current smoking 35 398 44 284 0.047
Hyperlipidemia 38 432 54 3438 0.125
LAD occlusion 14 159 57 36.8 <0.001
CX occlusion 19 216 48 31 0.076
RCA occlusion 60 68.2 87 56.1 0.104
Total occlusion number 1.07+0.31 1.320.5 0.002
Number of CAD 2.4+1.3 2.9:1.6 0.016
LVEF 47.1+10.3 50.1+10.1 0.027
Atherogenic Index 0.70.3 0.5+0.26 <0.001
WBC (10%/pL) 9.1+2.7 8.6+2.8 0.206
Hemoglobin (g/L) 13.8+1.8 13.8+1.9 0.954
Glucose (Fasting) (mg/dL) 163.7+89.3 140.3+59.1 0.016
Serum creatine (mg/dL) 1.25+0.8 1.04+0.48 0.059
Total cholesterol (mg/dL) 207.1+55.1 201.1£51.6 0.365
LDL cholesterol (mg/dL) 129.8+47.1 128.1+43.1 0.762
HDL cholesterol (mg/dL) 40.7£16.1 43.4+10.1 0.099
Triglyceride (mg/dL) 229.5+162 156.3£92.1 <0.001
Triglyceride/glucose ratio 1.621.07 1.2:0.84 0.001
Monocytes/ lymphocyte ratio 0.3:0.2 0.3:0.14
C-reactive protein 5.7 1.7-12.7 6 2.1-13.5  0.552
Medication 63  40.6 0.532
Acetylsalicylic acid 46 52.3 22 142 0.053
P2Y12 inhbitor 20 227 60 38.7 0.066
Beta blocker 38 432 45 29 0.495
ACE inhbitor 28 31.8 26 16.8 0.639
ARB 19 21.6 41 265 0.353
Calcium channel blocker 15 17 54 3438 0.094
Statin 46  52.3 15 9.7 0.008
Insulin 13 14.8 37 239 0.232
OAD 29 33 0.126
SD: Standard deviation; PCI: Percutaneous coronary intervention; DM: Diabetes mellitus; LAD: Left anterior descending coronary artery; CX: Circumflex coronary artery;
RCA: Right coronary artery; CAD: Coronary artery disease; LVEF: Left ventricular ejection fraction; WBC: White blood cell; LDL: Low-density lipoprotein; HDL: High-
density lipoprotein; ACE: Angiotensin Converting Enzyme Inhb.; ARB: Angiotensin receptor blockers; OAD: Oral antidiabetic agents.
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Table 2
Multivariate binary logistic regression analysis

Univariate Multivariate
Variables OR 95% CI ? OR 95% CI ?
Age (year) 1.028 1.002-1.055 0.035
Body mass index (kg/m?) 0.932  0.870-0.999  0.047
Type 2 diabetes mellitus 0.546 0.316-0.946 0.031
Current smoking® 0.600 0.346-1.042 0.070
Left anterior descending coronary artery occlusion 3.074 1.592-5.936 0.001 2.447 1.160-5.162 0.019
Number of total occluded vessel 3.362 1.488-7.600 0.004 3.503 1.445-8.494 0.006
Number of coronary artery disease 1.247 1.040-1.496 0.017
Left ventricular ejection fraction (%) 1.029 1.003-1.056 0.029 1.056 1.022-1.091 0.001
Atherogenic index 0.035 0.011-0.119 <0.001 0.017 0.004-0.069 <0.001
Glucose (fasting)* 0.996 0.992-0.999 0.020
Triglyceride (mg/dL) 0.994 0.991-0.997  <0.001
Statin 0.488 0.286-0.832 0.008
Triglyceride/glucose ratio 0.631 0.469-0.848  0.002
Constant 0.026 0.001
OR: Odds ratio; CI: Confidence interval; * The marked parameters were not included in the multivariate logistic regression analysis. Forward conditional method
was used in multivariate logistic regression analysis.

normally distributed continuous variables and median
(interquartile range) for categorical variables. Variables
of both groups were compared by the chi-square test,
Mann-Whitney U test, and independent samples
t-test, where appropriate. Univariate and backward
multivariate logistic regression analysis was performed
to identify independent predictors for well-developed
collaterals. A two-tailed p value of <0.05 was considered
statistically significant.

RESULTS

There were significant differences between the
groups regarding age, body-mass index, diabetes,
smoking, left anterior descending (LAD) artery
occlusion, the total number of occlusions, number of
coronary arteries with severe stenosis, left ventricular
ejection fraction, AIP, fasting glucose, and triglyceride
levels (Table 1). Although there were differences
between the groups in terms of sex, hypertension,
creatinine, and high-density lipoprotein cholesterol
(HDL-C) levels, this difference was not statistically
significant.

The parameters that reached statistical
significance were tested with univariate logistic
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regression analysis, and factors other than smoking
were found to be significant (Table 2). All statistically
significant parameters in univariate logistic
regression analysis were evaluated with multivariate
(stepwise) logistic regression analysis; eventually,
the presence of CTO in the LAD artery (odds
ratio [OR]=2.447; 95% confidence interval [CI],
1.160-5.162; p=0.019), total number of occlusions
(OR=3.503; 95% CI, 1.445-8.494; p=0.006), left
ventricular ejection fraction (OR=1.056; 95% CI,
1.022-1.091; p=0.001) and AIP (OR=0.017; 95% CI,
1.022-1.091; p<0.001) were independently associated
with good collateral development.

DISCUSSION
The present study identified that AIP, one

of the new biochemical markers associated with
atherosclerosis, has an independent inverse association
with well-developed coronary collaterals. Although the
TyG index differed significantly between the groups,
it had no independent association with coronary
collateral development.

The AIP is a new lipid index superior to
low-densitylipoprotein (LDL)-cholesterol (LDL-C),
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HDL-C, total cholesterol, and triglyceride in
predicting CAD.24 Atherogenic index of plasma is
a substitute for small dense (sd) LDL particles and
is inversely proportional to LDL-C particle size.!?]
The rise in AIP indicates a decrease in LDL particle
diameter and an increase in sdLDL, which favors the
formation of foam cells and atherosclerotic plaque
development.?) Atherogenic index of plasma is
independently associated with CTO and is thought
to predict the presence and severity of CTO.27

High-density lipoprotein  cholesterol  has
cardioprotective effects and improves endothelial
function through its anti-inflammatory and
antioxidative effects; in addition, it modulates
monocyte activation, adhesion, and migration.?$%
In the present study, HDL-C level was found close to
statistical significance in the well-developed collateral
group. The HDL-C level might have contributed to
well collateral development.

Studies have shown that the TyG index is superior
to HOMA-IR (homeostatic model assessment for
insulin resistance) in assessing insulin resistance
and can be used to predict CAD and adverse
cardiovascular events.’32 Insulin resistance can
directly or indirectly contribute to ventricular
and vascular dysfunction due to attenuated
proinflammatory response and aggravated
atherosclerotic plaque.’>** Furthermore, insulin
resistance can alter systemic lipid metabolism,
leading to dyslipidemia and even accelerating the
rupture of fragile plaques by aggravating vascular
endothelial damage and inflammation.) However,
in the current study, although its relationship with
collateral development was significant, it was not
detected as an independent variable.

Monocyte-lymphocyte ratio, a novel marker of
systemic inflammation, is an independent risk factor
for CAD and predicts lesion severity.*® Increased
MLR favors body inflammation and oxidative
stress, accelerates the formation of foam cells and
endothelial damage, suppresses immune responses,
and aggregates coronary plaque development.[”38
In the present study, its relationship with collateral
development had no statistical significance.

Melidonis et al.?”) more frequently detected third-
degree collateral circulation following complete
occlusion of the LAD and right coronary arteries.
In the current study, well-developed collaterals were
observed much more in the LAD artery CTO cases.

Cardiovascular Surgery and Interventions, an open access journal
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We thought that this might be due to the size of
the myocardial jeopardy area, which is influential
in collateral development, and the ischemic stimulus
that it created. We considered that the higher the
total number of occlusions and the number of lesions
above 50%, the greater the collateral development as
a factor affecting the size of the myocardial jeopardy
area.

The relatively small study population and the
single-center design may limit the interpretation
of results. The study’s cross-sectional nature limits
the direct relationship between cause and effect.
More extensive and prospective studies are needed to
confirm this relationship.

In conclusion, the use of AIP, one of the new
biochemical markers associated with atherosclerosis
in patients with CTO, should be at the forefront in
predicting poor collateral development. Furthermore,
the use of TyG would be beneficial, but MLR was
not appropriate. Compared to these parameters, the
AIP, which is noninvasive and easily accessible, can
help predict the degree of collateral development the
best, but more comprehensive randomized controlled
studies are needed.
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ABSTRACT
Objectives: This study aimed to determine the predischarge learning needs and influencing factors of patients with myocardial infarction.

Patients and methods: The study included 190 MI patients (156 males, 34 females; mean age: 60.2+12.7 years; range, 21 to 85 years)
admitted with the diagnosis of myocardial infarction between February 2021 and February 2022. Data were collected using the
Sociodemographic/Clinical Characteristics Form and the Turkish version of the Cardiac Patients' Learning Needs Inventory.

Results: The patients' symptom management, physical activity, anatomy and physiology of the heart, diet, psychological factors,
lifestyle, and the mean total score on the scale were 27.45+2.64, 22.82+3.53, 20.56+3.15, 19.92+3.19, 15.45+2.81, 12.38+1.95,
155.21+17.11 points, respectively. It was found that there was a statistically significant difference in the general education need levels of
the patients according to their education status, marital status, working status, exercise habit, cohabitants, additional chronic diseases,
and history of heart attack/angiography and seeking information about heart attacks (p<0.05).

Conclusion: Predischarge learning needs levels of patients with myocardial infarction were relatively high. The primary learning need

was for symptom management. Patients' learning needs levels varied according to sociodemographic and clinical characteristics.

Keywords: Cardiology nursing, learning needs, myocardial infarction, nursing care.

Myocardial infarction (MI) develops due to an
atherosclerosis or thrombus.! It is among the leading
causes of death in Turkiye,” as well as in the
world.B4 Risk factors include the male sex, advanced
age, coronary artery disease, hypertension, diabetes
mellitus, and hyperlipidemia. The main purpose of
the treatment and nursing care of these patients
is to reduce the mortality/morbidity rate, prevent
disabilities, create a healthy lifestyle, and increase
the quality of life (QoL).>® The learning needs of
the patients should be evaluated to prevent recurrent
severe symptoms and maximize their QoL."1Y

Patients' learning needs differ according to the
prognosis of the disease and the cultural and spiritual
traditions of the patient.”’ It is stated in the literature
that the learning needs of patients with MI include
the anatomy and physiology of the heart, psychological
factors, lifestyle, correct drug use, correct diet, physical
activity status, and symptom management.®'? With
individualized nursing education planned in line
with learning needs, it is easier for patients to cope
with their diseases, and the rate of rehospitalization
decreases. Thus, their QoL is positively supported.
However, it is seen in the literature that the education

Cardiovascular Surgery and Interventions, an open access journal

given to the patients is mostly on specific subjects and
is not structured in line with their learning needs.[31%
Therefore, this study aimed to determine the learning
needs and influencing factors of patients with MI.

PATIENTS AND METHODS

The population of this descriptive and
cross-sectional study consisted of 190 MI patients
(156 males, 34 females; mean age: 60.2+12.7 years;
range, 21 to 85 years) who were admitted to the
coronary intensive care unit and cardiology clinic
of the Pamukkale University Faculty of Medicine
between February 2021 and February 2022. Patients
diagnosed with MI confirmed by a physician, able
to speak and understand Turkish, who had no
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communication barriers, had mental competence, had
no psychiatric disease, who was conscious, who was
in stable condition, stayed in the hospital for at least
two days, discharged by their physician, and willing
to participate in the study were included in the study.

The face-to-face interview technique was used to
collect the data. The data regarding the introductory
information of the patients were obtained from the
patients themselves, and the data containing the
information about their medical conditions were
obtained from the records in the patient's file. The
Sociodemographic and Clinical Characteristics Form,
developed by the researcher in line with the relevant
literature, and the Cardiac Patients’ Learning Needs
Inventory (CPLNI) were used to collect the study data.

This form, developed in line with the relevant
literature, consists of two sections: sociodemographic
and clinical. The sociodemographic characteristics
section includes 13 questions regarding the patient's
protocol number, diagnosis, age, sex, marital status,
education status, employment status, smoking status,
sports status, body mass index, individuals they are
living with, and place of residence. The clinical
characteristics section includes 10 questions regarding
having an additional chronic disease, the medication
used regularly, history of a heart attack in family
members, the reason for coming to the hospital, history
of heart attack, angiography, and stent, the state of
having regular check-ups, the status of receiving
education about heart attack, and from whom this
education was received.!12151¢]

The CPLNI was developed by Gerard and
Peterson.’! The scale has been accepted as a short,
simple, and understandable measurement tool for
determining the learning needs of patients suffering
from myocardial infarction. Turkish validity and
reliability study was carried out by Uysal and Eng.['?
The Turkish Version of the CPLNI (TR-CPLNI)
consists of eight subdimensions and 38 items. The
TR-CPLNI includes five items to assess the anatomy
and physiology of the heart, four items to assess
psychological factors, three items to assess lifestyle
factors, five items to assess drug information, five
items to evaluate nutritional information, six items to
evaluate physical activity, six items evaluate symptom
management, and four items evaluating other issues.
Scale scoring is calculated as follows: not important=1,
somewhat important=2, moderately important=3,
important=4, very important=5 , and not applicable=0.

Cardiovascular Surgery and Interventions, an open access journal

Cardiovasc Surg Int

The phrase “not applicable” was accepted as O points
so as not to affect the scoring. The score that can be
obtained from the scale is between 38 and 190. The
increase in the scale score indicates that the patient's
learning need is increasing. The original CPLNI
Cronbach’s alpha value was 0.91.) In the Turkish
validity and reliability study, Cronbach’s alpha value of
the overall scale was found to be 0.96. The Cronbach’s
alpha value of the subdimensions of the scale varies
between 0.78 and 0.92.1% In this study, Cronbach's
alpha value of the overall scale was found to be 0.94.
Cronbach's alpha value of the scale subdimensions

ranges from 0.52-0.87.
Statistical analysis

The sample size was determined as 150 patients
using the G*Power version 1.9.4 software (Heinrich-
Heine-Universitit Dusseldorf, Dusseldorf, Germany),
with a medium effect size (d=0.15), error level of 0.05,
and study power of 0.80.

The data were analyzed using IBM SPSS version
22.0 software (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean
tstandard deviation. Categorical variables were
presented as numbers and percentages. Normality
analysis was used to examine the relationship
between dependent and independent variables.
The normality analysis was calculated according
to the kurtosis and skewness analysis. Normal
distribution was accepted according to this result
(skewness=0, kurtosis=+2)."") In the comparison of
the levels of the patients’ learning needs according to
sociodemographic/clinical characteristics, the data
matching the normal distribution were evaluated by
Student’s t-test and one-way analysis of variance.
For the data that did not fit the normal distribution,
the Mann-Whitney U test or the Kruskal-Wallis
test was used to compare the differences between the
groups. A value p<0.05 was considered statistically
significant.

RESULTS

The mean body mass index was 27.6+4.2, and
63.2% were hospitalized with a non-ST-elevation
MI diagnosis. Of the patients, 81.0% were married,
and 62.1% were primary school graduates. It was
determined that 38.4% of the patients are employed,
36.3% are smokers, 55.3% did not exercise at all,
48.4% live in the city center, and 52.1% lived with their
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Table 1 Table 1
Sociodemographic characteristics of patients with IMI Continued

Variables n % x?+SD
Age (year) 60.2+12.7
BMI (kg/m?) 27.6+4.2
Diagnosis

NSTEMI 120  63.2

STEMI 70  36.8
Sex

Male 156 82.1

Female 34 179
Marital status

Married 154  81.0

Single 36 19.0
Educational status

Illiterate 9 4.7

Literate 17 8.9

Primary education 118  62.1

Secondary education 33 174

Undergraduate and 13 6.8

postgraduate
Working status

Working 73  38.4

Not working 117 61.6
Smoking status

Drinks 69  36.3

Never drank 56 295

Left 65 342
State of doing sports

Never played sports 105  55.3

Occasional athlete 61 321

Regular exerciser 24 126
Living place

Town center 92 484

District 50 26.3

Town/village 48 253
Person living with

Alone 21 112

Spouse 99 521

Spouse and kids 55 2838

Mother-father 4 2.1

Son/daughter 11 5.8

Variables n %
Presence of chronic disease*

Yes 143  75.3

No 47 247
Type of chronic disease #

Hypertension 81 56.6

Coronary artery disease 73 510

Diabetes mellitus 63 441

Chronic obstructive pulmonary disease 12 8.4

Asthma 8 5.6

Peripheral artery disease 7 4.9

Chronic renal failure 7 4.9

Congestive heart failure 2 1.4

Other (onnamed) 23 16.1

Continuous drug use status

Using 134  70.5

Not using 56 295
Presence of a relative who has had a heart attack

Yes 97 511

No 93 489
The reason why the patient came
to the hospital#

Chest pain 181  95.3

Back pain 57  30.0

Pain radiating to the left arm 71 374

Stomach ache 48  25.3
Heart attack/angio history *

Yes 74 389

No 116  61.1
Stent placement history *

Yes 49  66.2

No 25  33.8
Regular check-ups

Yes 74 389

No 116  61.1
Getting information about heart attack

Yes 42 221

No 148 779
From whom did he get the information®

Health personnel 20 476

Relative/friend 9 214

Social media 13 31.0
MI: Myocardial infarction; SD: Standard deviation; BMI: Body mass index;
STEMI: ST-elevated myocardial infarction; NSTEMI: Non-ST elevated
myocardial infarction;| Onnamed: Hyperlipidemia, rheumatoid| azthritis, bening
prostatic hyperplasia, hypothyroidism, cerebrovascular disease, lung cancer,
lymphoma glaucoma, gastritis /reflux, vertigo, gout; * The analyzes were calculated
on patients with “history of chronic disease”, “history of continuous drug use”,
“having angio” and “receiving information about heart attack”; # Patients gave
more than one disease name.
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Tablo 2
Distribution of the mean scores of the scale of learning needs of patients with MI

Distribution of scale score averages
Scale sub-dimensions x’+SD Min-Max
Symptom management 27.5£2.6 14.0-30.0
Drug information 23.0+2.1 12.0-25.0
Physical activity 22.8+3.5 12.0-32.0
Anatomy and physiology of the heart 20.6+3.2 12.0-25.0
Nutritional information 19.9+3.2 11.0-25.0
Psychological factors 15.5+2.8 8.0-20.0
Other topics 13.7+3.4 6.0-20.0
Lifestyle factors 12.4+2.0 5.0-15.0
Grand scale total 155.2+17.1 100.0-190.0
MI: Myocardial infarction; SD: Standard deviation.

spouses. It was determined that 75.3% of the patients
had a chronic disease, 56.6% had hypertension,
70.5% regularly took medicines, and 51.1% had a
relative who had a heart attack. It was determined
that 95.3% of the patients applied to the hospital with
chest pain, 38.9% had angiography, and 66.2% of
them had a stent. It was determined that 38.9% of the
patients had regular heart health checks, 22.1% had
information about heart attacks, and 47.6% of them
received information from health personnel (Table 1).

The distribution of the mean scores of the
patients' learning needs with MI is given in Table
2. The overall mean score for the education needs
of the patients was 155.2+17.1. It was observed that
symptom management (27.5+2.6), drug information
(23.0+2.1), physical activity (22.8+3.5), and anatomy
and physiology of the heart (20.6+3.2) subdimensions
were the subjects with the highest learning needs (in
the first four ranks), while nutritional knowledge
(19.9£3.2), psychological factors (15.5+2.8), other
subjects (13.7x3.4), and lifestyle factors (12.4x2.0)
subdimensions were the subjects with the lowest
learning needs (in the last four ranks) (Table 2).

The relationship between the level of learning
needs according to sociodemographic and clinical
characteristics of patients with MI is given in Table
3. A statistically significant difference was found
between the marital status (F=5.766, p=0.001),
educational status (F=4.995, p=0.001), employment
status (Z=-3.162, p=0.002), state of doing sports
(F=5.136, p=0.007), and cohabitant (F=8.188,

Cardiovascular Surgery and Interventions, an open access journal

p=0.001) of the patients included in the sample and
the total scale score (p<0.05). Similarly, it was found
that there was a statistically significant difference
between those who did not have a chronic disease
(2=3.000, p=0.003), who did not have a history of
heart attack/angiography (t=-2.993, p=0.003), and
those who received information about the heart
attack (t=2.900, p=0.004) and the mean scale score
(p<0.05) (Table 3). It was determined that the scale
subdimension learning needs levels of the patients
varied according to their sociodemographic and
clinical characteristics (Table 3).

DISCUSSION

After cardiovascular diseases, particularly MI,
patients experience many physical and psychological
complications and need information about the disease
process.'® In this study, which aimed to determine
the predischarge learning needs of patients with MI
and influencing factors, the general learning needs of
the patients were found to be quite high. Similar to
the findings of this study, it was stated in the national
and international literature that the learning needs of
patients with MI are high.'®18] The study findings
are similar to the literature, and it can be stated that
patients need information about the disease and the
changes affecting the postdischarge process.

According to the results of this study, the
learning needs of the patients are affected by their
sociodemographic and clinical characteristics. Single

WWW.e-Cvsi .org



163

Mutluluk Sarioglu T and Gok F. Learning needs of patients with myocardial infarction

UOLIOTRFUT [RIPIBIOATAT TIAI

ep1°0=d vz o=d 1zz0=d 915°0=d 120°0=d ¢ez0=d 00g°0=d 0£8°0=d ¥91°0=d
126 T=1 YSrT=d L£ST=1 vLL0=d £59°¢=d T6v T=d 997 T=1 £67°0=1 66LT=d ¢uonEWIOFUT 9y} 395 oY PIP WOYM WOX]
yez0=d 100°0=d szo'0=d zco'0=d £0070=d £20'0=d £5T°0=d £960=d #00°0=d
T61'1-=7Z 16€°6=7Z 9972 91¢ 7= THLTH 16T°7= 9¢TT=2 LY0'0=Z 0062 3[OTIIE 1783 INOQE UOHEWIOJUT FUTI}on)
66£°0=d 200°0=d s61°0=d 620°0=d 6£0°0=d ozg0=d ¥£9°0=d 116'0=d #90°0=d
v¥8°0-=7Z 980°¢=1 T0E° 1= L6TT= £80°7= 960°0=1 9y'0-=Z  TIT'0-=Z 7981} dn >poyo remdoy
yze0=d yL1°0=d z6£°0=d 692°0=d 89¥°0=d Ty 0=d zre0=d 760°0=d 260°0=d
LYTT= €6L°T=2 8¥6°0=2 8€€ 1= 89.°0= £00°7=2 YT T=Z Yor =7 Yoy z= Axoys1y Juowadeyd Juarg
§50°0=d ¥10°0=d £50°0=d €50°0=d 110°0=d ££0°0=d Tr0°0=d 100°0=d £00°0=d
816 T-=Z 18Y°C-=7 6v6T-=1 Sh6'T-=7Z £55°T-= eP1T-= €€0C-=Z  Iree-=7Z £66C-=3 A10151y O13UE/SOEIIE 1IEDL]
61¢°0=d £89°0=d ¥sz0=d sor0=d s1¢0=d 868°0=d v61°0=d ££5°0=d 8,z 0=d
0€TT-=7Z £0¥°0-=3 SHT1=7 1€9°T= 800°T= 8TT0-= 86CT-=Z  819°0-=Z £80'T=}  [JENIE 1IEAY E PEY SEY OYM DATIE[OI E JO 9DUISII]
9z1°0=d 8500=d ¥01°0=d Lt 0=d ££0°0=d #00°0=d 156'0=d z€0'0=d 850°0=d
6TST-=7 806'1-=3 1€9°T-= 6v€°0-=3 780°C-= 798°C-= 190°0=? orIC-=7 906'1-=3 snJe3s 3sn SnIp snonunuo)
0+0°0=d 120°0=d €20'0=d s81°0=d £00°0=d 100°0=d 161°0=d 970°0=d £00°0=d
€50°C¢-=7 87ET-= S8T'T-=1 7ee 1= 810°¢-= TL9E-= L0ST-=7Z  1CCT-=7Z  000°€-=Z 9SEASIP DTUOIYD JO IS
100°0=d 100°0=d 100°0=d 100°0=d 100°0=d 100°0=d 110°0=d 9¢0°0=d 100°0=d
69SLE=MY  046'S=d  T8T6I=MI  T86LT=M]I L19°%=d 8ET9=d  THI'SI=MM #9ZT0T=M  881'8=d a1 SUTAT] UOSIO]
690°0=d 99,°0=d 900°0=d $69°0=d 911°0=d zszo=d 168°0=d 61£0=d ory 0 =d
19€°S=MM  £9C°0=d v6C°5=d S9£°0=d 8/1'C=d 065T=1  T€C0=MI 099°0=MM 9 T=MMN ooe1d Surary
800°0=d 990°0=d 600°0=d ££0°0=d 950:0=d #€0°0=d Ter0=d 917°0=d £00°0=d
W06v=d  LhrS=MI  9S8%=d £19°9=MM 026'C=d Wwie=d  8TTH=MI  90€ =M 9ET'S=d smels sy10ds Sutoq
920°0=d 0cy'0=d 81¢°0=d s9r°0=d stz 0=d £90°0=d seeo=d ssT0=d ssTo=d
08TL=MDI  TL8'0=MDI €ST'T=d 918'T=1 66C1=1 018'c=d  SPTT=M3  I88'T=M3  I88T=M snyes Supjourg
81¢°0=d 850°0=d 800°0=d 6L0'0=d ££0°0=d 100°0=d 0£0°0=d 100°0=d 200°0=d
TeTT-=7 116'T=3 869°C=1 S9/1= SLLT= 80T 7= VLVT=7  ¥69°€=7Z  TITE=Z smyels SunyIop
100°0=d 9,0°0=d 100°0=d 200°0=d 910°0=d 900°0=d 200°0=d £00°0=d 100°0=d
£88°¢T=MM  C£0°C=d T9r v=d 8Ly 8T=MDI 8587=1 98¢°¢=d  TTO6I=MI CTLT8I=M  S66'v=d SNJeIS [EUOLEINPF
100°0=d 100°0=d 900°0=d 100°0=d 970'0=d 069°0=d 1£0°0=d 615°0=d 100°0=d
PS86=MM  TSSS=A  vITP=MI  6T99=M 6v1°g=d 06F0=M3  6T0°€=MM  8SL0=MM 99454 snIe)s [EILIE]
£20°0=d 0z10=d #16'0=d gsT0=d €/y°0=d sszo=d £79:0=d £97°0=d 685°0=d
89LT-=7 £95°T-=1 80T°0=Z 6T 1-=7 81L0-=7Z W= I6v°0-=Z  0TI'1-=Z T7S0-=2 xag
880°0=d yp10=d £80°01=d sz0'0=d 8y 0=d ¥0z°0=d szL0=d 012 0=d Tw1°0=d
804T-= 89%°'1=1 v 1= €57 7= 192°0= 9T 1= ISE°0-=2 TLE0-= 8Ly 1= stsouSer(]
undvﬂ oﬂu
$10)08] sordoy $1030%8] uonewsojur  jo A3ojorsdyd Ay1am3oe UONEWIOJUT  JudwaSeurw [e10}
ofasagry P10 [eorSojoydds  [euonimny  pue Awojeuyy TeatsAy g Snaq woydwdg  ofeds puein) SO[qeLIEA

saqerrea yuapuadapur oY) pue TIAT YItm s1uaned Jo 21008 o[eds spasu uTuIea] oY) Udamiaq drysuonelar ay T,

€ OI9¥L

\‘«"\’v’V\'.E’CVSi.OI"g

Cardiovascular Surgery and Interventions, an open access journal



164

patients, secondary school graduates, working
individuals, those living with their parents, those
who regularly exercise, those with a history of
chronic disease/angiography, and patients who have
information about heart attack have higher general
education needs levels. It was stated in the literature
that being a woman and having a high level of
education has an effect on learning needs.l'!5%% In
this study, unlike in the literature, the majority of the
patients were male and had graduated from secondary
school. However, considering that the patients live
with their parents, it can be stated that parental
support increases the level of sharing their learning
needs with healthcare professionals, and this is due
to cultural differences.

When the mean score of the general learning needs
of the patients included in the study was examined,
it was determined that symptom management was
in the first rank. In their study to determine the
learning needs of patients with MI, Sultana et al.'s!
reported that the learning needs of patients related
to symptom management are quite high. Symptom
management is an effort to control the risks associated
with the disease. Patients who have undergone MI
experience a fear of death during the crisis and want
to know how to deal with a similar situation after
discharge.?” In this study, it was determined that
the learning needs of patients who are secondary
school graduates, employed, living with their spouses
and children, who do not have additional chronic
diseases, do not use drugs continuously, and have no
previous history of heart attack and angiography were
higher than the other patients. According to these
results, contrary to the literature,?” those without a
history of chronic disease have higher learning needs
related to symptom management. Thus, it can be
interpreted that individuals who do not have a chronic
disease experience more fear during MI and need
more information to cope with the process compared
to patients who have experienced angina before.
However, the fact that this group of patients did not
experience any conditions related to acute coronary
syndrome before may have increased the need for
information about the symptoms.

The secondary learning needs of the patients
included in the study is drug knowledge. Drug
information is an important variable for patients
to comply with their treatments and to reduce the
problems that may be experienced regarding the
irregular use of drugs.®! The long duration of treatment
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after MI increases the patients' learning needs about
drugs.?Y In this study, similar to the literature,!*16:18:21]
all patients had high learning needs about drugs. It
was stated in the national and international literature
that drug information is among the top three topics
demanded by patients who have undergone MI.!*16:18.21]
In this study, patients who are married, graduated from
secondary school, employed, living with their parents,
and who do not have a history of heart attack and
angiography have a higher desire to get information
about medications. However, no similar study was
found in which all these variables were compared.
Although no statistically significant difference was
found in the drug knowledge subdimension of the
learning needs according to sex in this study, it was
stated in the literature that females expressed their
drug knowledge learning needs more than males, and
the difference was statistically significant.!>?! This
is explained by the fact that females, by their very
nature, are more careful to ask for information about
medication and control appointments than males.!'*?!
Cultural structure is considered to be another reason
why the level of learning needs varies according to
sex. Considering that Almaskari et al." conducted
their study in Oman, whereas Alsaqri et al’s?!
study was conducted in Saudi Arabia, sociocultural
differences and sample differences between these
countries explain the sex differences in findings. In
other words, patient characteristics may vary from
patient to patient and from culture to culture. Another
reason affecting the high level of learning needs of
patients on drug information in this study and other
studies is that these patients may have positive or
negative experiences with the drugs they constantly
use. When these results are evaluated, it is seen that
information about drugs cannot be ignored in the
discharge training of patients after MI.

According to the findings of this study, one of the
priority issues that patients need to learn is physical
activity. However, it is stated in the literature that the
learning needs about physical activity in patients with
cardiovascular disease are not a priority.”*) Huriani®
explain this situation with the necessity of restricting
physical activity in the acute and subacute periods,
which is the recommendation of the American Heart
Association. According to the findings of this study,
patients who have graduated from secondary school,
are employed, exercise occasionally, live with their
spouses and children, do not have additional chronic
diseases, do not use medicines continuously, do not
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have a history of heart attack and angiography, and
know about heart attack have higher learning needs
regarding the physical activity subdimension. Contrary
to the findings of the current study, Almaskari et
al.”! determined that patients with higher education
levels (undergraduate/graduate) have a higher desire
to learn about physical activity. As can be seen,
sociodemographic characteristics can affect learning
needs related to physical activity. Almaskari et
al. interpreted this situation as sociodemographic
characteristics, country conditions, cultural differences,
and climate changes affecting individual priorities for
learning needs.

Another issue that patients feel the need to learn
primarily after MI is the anatomy and physiology of
the heart (in the fourth rank). Patients are eager to
receive information about the anatomy and physiology
of the heart. Similar to the results of the current study,
it is stated in the literature that patients who had an
MI or cardiovascular disease have high learning needs
about the anatomy and physiology of the heart.'®!”)
Knowing the structure of the heart and the MI
process makes it easier for patients to understand
their disease and adapt to the treatment/care process
and lifestyle change.'8! According to the findings of
the current study, patients who are single, secondary
school graduates, living with their spouses/children,
who do not have a chronic disease, who do not have
a history of angiography, who do not use medications
continuously, who have regular health check-ups, who
have information about heart attack, and who receive
information from health personnel have higher levels
of learning needs about the anatomy and physiology
of the heart. Contrary to the findings of the current
study, it is reported in the literature that patients with
a history of comorbidity and acute coronary syndrome
have a higher need for learning about the anatomy and
physiology of the heart. Nur'aeni et al.' explained
this situation with the theory of common sense.
According to the common sense theory, the high
severity of the disease and the threat factors perceived
by the individual, and the fear of death increase
the patients’ learning needs. The finding of the
current study that patients without chronic disease and
acute coronary syndrome have higher learning needs
regarding the anatomy and physiology of the heart can
be interpreted as the acute coronary syndrome picture
being perceived as a significant threat by the patients,
which increases the learning needs.

It is reported in the literature that creating
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behavior change related to diet is the most significant
step in developing healthy lifestyle behavior.['8:22:23]
Unhealthy diets, particularly those containing fats,
carbohydrates, and sugars, increase the risk of
cardiovascular disease. However, for the patients
participating in this study, the learning need
regarding nutrition was not on their priority list.
The high body mass index of the patients included
in the sample group suggests that their eating habits
and healthy lifestyle behaviors are not adequate.
However, in this study, it was determined that
learning needs about nutrition were more important
than some variables. It was determined that patients
who are diagnosed with ST-elevation MI, who are
married, who have graduated from secondary school,
who exercise occasionally, who live with their spouse/
children, who have regular health checks, and who
receive information about heart attack have a higher
level of learning needs regarding nutrition compared
to other patients. This situation can be interpreted as
the sociodemographic and clinical characteristics of
the patients affecting their learning needs regarding
nutrition. Particularly the patient group that develops
healthy lifestyle behavior has higher learning needs
regarding the correct diet. It was stated that the
risk of morbidity/mortality is higher in this patient
group.?2? Therefore, it is thought that patients who
are trying to develop high-minded, healthy lifestyle
behaviors included in this study may have needed to
learn more about heart-protective nutrition to avoid
experiencing acute coronary syndrome again.

The learning needs of patients are affected
by physiological and clinical processes as well
as psychological factors. In this study, it was
determined that the psychological factors are not a
priority for participants. However, it was stated in
the literature that the desire of MI patients to get
information about psychological factors is at the
forefront. In addition, according to the literature,
patients need information about coping with stress
after discharge the most."®%) It is considered that
physiological problems are at the forefront since the
patients in the study group are in the acute post-MI
period. Another reason is cultural differences. This
difference may have been because the patients in
the study group were in the acute post-MI period,
they focused on physiological symptoms rather than
psychological factors, or they may have been the
result of cultural differences. When the relationship
between the psychological factors subdimension and
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some variables were examined, it was determined
that the patients who are single, have undergraduate
and higher education, are employed, exercise
regularly, live in the city center, live with their
parents, do not have a chronic additional disease,
and have information about heart attack have
high learning needs about psychological factors.
Hence, it can be suggested that patients who are
educated, have healthy lifestyle behaviors, such as
regular exercise, and do not have additional chronic
diseases experience more stress during a heart. From
a different perspective, the fact that the patients
in this group were employed and living in the
city center may have created another stress factor.
Moreover, the fact that these people are also single
and have taken responsibility for their parents may
have increased their psychological burden as well as
their physiological burden. Therefore, this may have
increased the need for psychological support.

In this study, the learning needs of the patients
about other subjects are in the last place. Other issues
include the service to get support at discharge, the
tests to be performed, and informing family members
about heart-lung resuscitation or where and how to
get support for family members. The reason why
patients' learning needs for this subdimension are at
the back of the line compared to other dimensions can
be considered as the desire of patients to prioritize
their individual needs rather than family during the
acute illness period. When the relationship between
the subdimension of other issues and some variables
was examined, it was determined that the learning
needs of patients who were single, living with their
parents, who did not have a history of chronic
disease/heart attack/angiography, who had regular
check-ups, and who had information about heart
attack were higher. Therefore, it can be interpreted
that patients who do not have a history of chronic
disease and heart attack but have knowledge about it
want to act more cautiously during a possible acute
coronary condition.

In this study, the learning needs of the patients
related to lifestyle ranked last. However, contrary
to the findings of this study, it was stated in the
literature that the efforts of patients diagnosed with
MI to develop healthy lifestyle behavior in the early
post-MI period are at the forefront." Although the
general learning needs of the patients regarding a
healthy lifestyle were low, it was found that it varies
according to some sociodemographic and clinical
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characteristics. Patients who are single, have a high
education level, smoke, exercise regularly, live with
their parents, and do not have a chronic disease are
more willing to reorganize their lifestyle, suggesting
that patients with higher education levels are more
willing to create healthy lifestyle behaviors. However,
the fact that these patients experienced a major acute
condition and at the same time have the knowledge
in this area may have increased their learning needs
towards protective lifestyle behaviors for themselves
and their families.

In conclusion, the general predischarge learning
needs of patients undergoing MI are high. Among
the topics that require education, the first four are
symptom management, drug information, physical
activity, and the anatomy and physiology of the
heart. The learning needs levels of the patients
regarding the scale subdimensions vary according to
their sociodemographic and clinical characteristics.
Accordingly, assessing the learning needs of
patients with MI before discharge, providing
individual structured training for the patients in
line with their learning needs, providing standard
spontaneous education in cases where structured
patient education cannot be done, conducting
similar studies with larger and multicenter sample
groups, in which qualitative and qualitative-
quantitative study designs are used together, and
obtaining broader and more detailed information on
the subject is recommended.
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ABSTRACT

Objectives: In this study, we aimed to share the intraoperative anesthesia management of left ventricular assist device (LVAD)
implantation and our approach to right ventricular failure (RVF) that developed in this process, and our results.

Patients and methods: A total of 82 patients (71 males, 11 females; mean age: 49.4+9.4 years; range, 18 to 71 years) who underwent LVAD
implantation between February 2013 and June 2020 were included in the retrospective study. Preoperative echocardiography, cardiac
catheterization findings, and intraoperative records were reviewed. In light of the preoperative hemodynamic, echocardiographic, and
preoperative echocardiographic findings of the patients, RVF levels were preoperatively determined, and a medical and mechanical support
therapy algorithm for RVF was created. The postoperative outcomes were evaluated within the framework of this algorithm.

Results: The mean preoperative left ventricular ejection fraction was 19.6%, and the mean right ventricular ejection fraction was 37.4%.
According to our algorithm, eight (9.7%) patients developed severe, 12 (14.6%) moderate, and 48 (58.5%) mild RVF. No RVF was
present in 14 (17.2%) patients. The vasoactive inotrope score was 25.7+1.3 in the advanced RVF group and compatible with the severity
of RVF. Extracorporeal membrane oxygenation use was required in three (37.5%) patients who had severe RVFE. Right ventricular assist
device was implanted in one of the three patients with extracorporeal membrane oxygenation due to advanced RVF in the postoperative
period. Mortality was observed in two (25%) patients in the advanced group, one (8.3%) in the moderate, three (6.25%) in the mild,
and two (14%) in the normal RVF group.

Conclusion: A standardized method for defining the RVF severity and a well-defined treatment protocol according to its degree of
severity is lacking. Considering hemodynamic and echocardiographic data, grading of RVF in patients is vital for determining the

Keywords: Assist device, heart failure, left ventricle, right ventricle.

treatment protocol. Treatment for RVF should be converted into standard universal algorithms.

Left ventricular assist devices (LVADs) are
increasingly used in advanced heart failure to
provide adequate organ perfusion and improve
quality of life. Perioperative management of LVAD
implantation requires a multidisciplinary approach.
In the presence of right ventricular failure (RVF), it
is necessary to determine the degree of failure, start
right inotropic therapy on time, and use short-term

mechanical support systems if sufficient flow cannot
be achieved.!!

The incidence of RVF after LVAD implantation
ranges from 5 to 44%.2 Female sex, INTERMACS
(Interagency Registry for Mechanically Assisted
Circulatory Support) level 1, preoperative end-organ
disorder, preoperative RVF, high pulmonary vascular
resistance (PVR), nonischemic cardiomyopathy as
etiology, history of a previous cardiac operation, and

Cardiovascular Surgery and Interventions, an open access journal

severe tricuspid insufficiency have been described as
risk factors for the development of RVF after LVAD.B!
Rightventricular failure may develop immediately after
LVAD implantation, during the early intensive care
period, or late during follow-up after discharge.!
Right ventricular failure in the operative or early
postoperative period after implantation carries a
significant mortality risk."

Corresponding author: Mustafa Simgek, MD. Dr. Siyami Ersek Gogiis Kalp ve
Damar Cerrahisi Egitim ve Arastirma Hastanesi, Anesteziyoloji ve Reanimasyon
Klinigi, 34668 Uskiidar, Istanbul, Tiirkiye.

Tel: +90 505 - 778 99 80  e-mail: mustafasimsek73@gmail.com

Citation:

Simgek M, Tagdemir Mete M. Defining early right ventricular failure during left
ventricular assist device implantation: Retrospective analysis of intraoperative
management. Cardiovasc Surg Int 2022;9(3):168-175.

WWW.e-Cvsi .org


https://orcid.org/0000-0001-9903-5307
https://orcid.org/0000-0003-4419-3644

Simsek M and Tagdemir Met M. Management of RVF in LVAD implantation

Management of RVF in LVAD implantation
is challenging and there is no generally accepted
common RVF definition.’! In the studies performed,
the definition of severe RVF is given on the basis of
mechanical treatment and inotrope necessity. There are
different clinical practices for managing intraoperative
RVFE, focusing on medication and mechanical support
but not discussing a stepwise management protocol
according to the degree of severity of RVF.

In this study, we aimed to present our algorithm
for defining RVF, the management approach for RVF
after LVAD implantation.

PATIENTS AND METHODS

Eighty-two patients (71 males, 11 females; mean
age: 49.429.4 years; range, 18 to 71 years) who
underwent LVAD implantation due to end-stage
heart failure at the Dr. Siyami Ersek Thoracic and
Cardiovascular Surgery Training and Research
Hospital between February 2013 and June 2020 were
included in the retrospective study. The patients were
evaluated by the advanced heart failure team per
the protocol. Patients who underwent biventricular
assist device (BIVAD) or total artificial heart (TAH)
implantations were excluded. All patients received
the standard preoperative management and treatment
protocols decided by the advanced heart failure team.
For the management of RVF, the algorithm defined by
the team was applied. Preoperative demographic data,
preoperative echocardiography, intraoperative cardiac
catheterization findings, and intraoperative data were
recorded.

None of the patients had mitral, tricuspid, or
aortic stenosis of any degree. Patients with moderate
or severe aortic regurgitation were not included in the
LVAD program. Commonly, patients in the LVAD
program have moderate to severe mitral regurgitation
due to cardiomyopathy. As a routine approach, neither
repair nor replacement of the mitral valve is performed
during LVAD surgery as the LVAD unloads the
left ventricle effectively. For tricuspid regurgitation
tricuspid annuloplasty is performed only in the
presence of severe regurgitation.

Standard open heart surgery monitoring was
performed in each patient. A pulmonary artery catheter
was used for mixed venous saturation, central venous
pressure (CVP), and pulmonary arterial pressure
measurement. External defibrillator pads were placed
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before anesthesia induction. After preoxygenation,
anesthesia induction was ensured with midazolam
(0.1 mg/kg), fentanyl (1-2 mg/kg), and rocuronium
(1 mg/kg); anesthesia was maintained with volatile
anesthetics (sevoflurane), fentanyl, and a propofol
infusion. A transesophageal echocardiogram (TEE)
probe (Vivid 7; GE Vingmed Ultrasound AS, Horten,

Norway) was placed in all patients after intubation.

All operations were carried out with standard
median sternotomy. Before cannulation, 300 IU/kg of
heparin was administered. Arterial cannulation was
performed using the ascending aorta or, in redo cases,
the femoral artery. Venous cannulation was performed
with the bicaval (in patients who will undergo tricuspid
valve intervention) or two stage single atrial venous
cannula technique. Cardiopulmonary bypass was
initiated with an activated clotting time >400 sec. Left
ventricular assist device implantations were performed
on a normothermic beating heart.

A comprehensive perioperative TEE examination
was performed in all patients undergoing LVAD
implantation. The correct placement of the inflow
cannula, toward the mitral valve and away from the

Table 1

Intraoperative TEE evaluation parameters before and
after LVAD implantation and after weaning

Before LVAD implantation

Atrium and ventricle dimensions

Valvular functions

Ejection fraction

ASD, PFO

TAPSE

Intracardiac thrombus

Apical inflow cannulation location vs. mitral valve position
After LVAD implantation and before/after weaning

Apical inflow cannulation location vs. mitral valve position

Outflow and ascending aorta evaluation

Deairing

Interventricular septum position and shift

Ventricular contraction evaluation

Valvular functions

Flow and ventricular unloading

TEE: Transesophageal echocardiogram; LVAD: Left ventricular assist
device; ASD: Atrial septal defect; PFO: Patent foramen ovale; TAPSE:

Tricuspid annular plane systolic excursion.
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( PVR (preop): 1-3 wood units ( PVR (preop): 3-5 wood units ( PVR (preop) 25 wood units
MAP 250-60 mmHg MAP 250-60 mmHg MAP <50 mmHg
CVP <15 mmHg CVP: 18-15 mmHg CVP >18 mmHg
TAPSE >18 mm TAPSE: 14-18 mm TAPSE <14 mm
RVFAC=25-31% RVFAC= 24-18% RVFAC <17%
Septum neutral Septum left shift Septum left shift
TR: Absent-Mild ) TR: Mild-Moderate ) TR: Moderate-Advanced )

R ) v ) v

Mild RVF Moderate RVF | Advanced RVF

\ 4 A4

Ve Ve Ve

\4
Milrinone 0.2-0.7 mcg/kg/min
Norepinephrine 0.02-0.2 mcg/kg/min
Epinephrine 0.02-0.2 mcg/kg/min
NO 20-30 ppm
Hoprost (PGI2): 0.5-1 nanogram/kg/min |

‘ Epinephrine 0.02-0.2 mcg/kg/min | Milrinone 0.2-0.7 mcg/kg/min
NO 20-30 ppm
*Norepinephrine 0.02-0.2 mcg/kg/min )

\4

( ECMO
Levitronix )

Figure 1. Right ventricular failure identification and management algorithm used in the intraoperative period.

RVF: Right ventricular failure; MAP: Mean arterial pressure; CVP: Central venous pressure; TAPSE: Tricuspid annular plane systolic excursion; RVFAC: Right
ventricular fractional area change; TR: Tricuspid regurgitation; RVF: Right ventricular failure; ECMO: Extracorporeal membrane oxygenation; * If MAP <50
mmHg when milrinone was started, norepinephrine was added to the treatment.

ventricular septum, was assessed with intraoperative The vasoactive inotrope score (VIS) that reflects
TEE. Our targets for TEE evaluation are given in the sum of the inotropes were calculated for each
Table 1. patient after completion of LVAD implantation in

The arterial blood gas parameters (pH, PCO; the operating room. Vasoactive inotrope scores of
[partial pressure of carbon dioxide], PO, [partial patients‘ on inotropes was calcu'lated using th'c formula:
pressure of oxygen], lactate, blood glucose, HCO3, dopamine dose (ug/kg/min)+dobutamine dose
sodium, potassium, calcium, and chlorine) and (pg/kg/min) + 100 x epinephrine (ug/kg/min) + 10

hemodynamic parameters (heart rate [HR], mean x milrinone dose (pg/kg/min) + 10000 x vasopressin
arterial pressure [MAP], CVP, SPO; [peripheral doses (unit/kg/min) + 100 x norepinephrine doses
capillary oxygen saturation]) were optimized before (pg/kg/min).

weaning off from cardiopulmonary bypass (CPB) and
switching to full support by the LVAD device. Under
optimal conditions (36-37°C, HR: 80-100/min,
mixed venous oxygen saturation 270%, arterial pH:

Additional mechanical support was considered in
patients with advanced RVF refractory to medical
treatment. After CPB was terminated, the activated

7.35-7.45, PO, and PCO, within normal limits, Hct clotting time was neutralized with a heparin-protamine
[hematocrit]: 25-30%, potassium: 4.0-5.0 mEq/L, ratio of 1:1. After decannulation, bleeding control was
MAP >50 mmHg, CVP: 8-12 mmHg), CPB was achieved, and the sternum was closed. The patients
terminated and LVAD was adjusted with adequate were followed in the intensive care unit.

flow. Inotrope and pulmonary vasodilator therapy Statistical analysis

were initiated according to the RVF protocol. In

Figure 1, the algorithm for the inotropic support Statistical analysis was performed using the IBM
and pulmonary vasodilator therapy used for SPSS version 28.0.1 software (IBM Corp., Armonk,
weaning intraoperatively after LVAD implantation NY, USA). Descriptive data were expressed as mean *
is displayed. The grade of the RVF was defined standard deviation, median (min-max), or number and
according to the group in which the majority of the frequency. The groups were compared using the chi-
criteria were matching (the group in which three or square and Kruskal-Wallis tests. A p value <0.05 was
more criteria met among the seven parameters). considered statistically significant.

Cardiovascular Surgery and Interventions, an open access journal WWW.e-cvsi.org
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RESULTS

The mean preoperative left ventricular ejection
fraction was 19.6+4.6%, and the mean right ventricular
ejection fraction was 37.4£9.7%. Preoperative
mechanical support was necessary in 15 patients: left
ventricular Levitronix Centri Mag (Levitronix LLC,
Waltham, MA, USA) in seven (8.53%) patients,
Venoarterial ECMO (Sorin Group STOCKERT

171

SCPC, Munich, Germany) in four (4.87%) patients,
and TABP (Datascope System 98 Datascope Corp.,
Fairfield, CT, USA) in four (4.87%) patients.
Twenty-nine (35.3%) patients were on inotropes
preoperatively, and nine (10.97%) patients were on
mechanical ventilation before the operation. The
mean preoperative tricuspid annular plane systolic
excursion (TAPSE), pulmonary vascular resistans

Table 2
Demographic data (n=82)

n % Mean+SD Mean Min-Max
Sex
Female 11 13.4
Male 71 86.6
Mean age (year) 49.4:9.4 18-71
Diabetes mellitus 26 31.7
Hypertension 31 37.8
Body mass index (kg/m?) 27.1£5.2
Etiology of heart failure
Dilated cardiomyopathy 42 51.21
Ischemic cardiomyopathy 40 48.78
INTERMACS Classification
INTERMACS 1 7 8.53
INTERMACS 2 9.75
INTERMACS 3 14 17.07
INTERMACS 4 38 46.34
INTERMACS 5 15 18.29
ECMO 4.87
Levitronix 8.53
TABP 4.87
Preoperative hemodynamic
Preoperative inotrope support 29 35.36
Preoperative TAPSE (mm) 16.5 25-7
Preoperative PVR (WU)* 3.13 8-1
Preoperative CI (L/min/m?) 1.195 2.4-0.95
Preoperative PCWP (mmHg) 17.90 41-10
Preoperative LVEF 19.6
Preoperative RVEF 16 37.4
ECMO: Extracorporeal membrane oxygenation; TAPSE: Tricuspid annular plane systolic excursion; PVR:
Pulmonary vascular resistance; WU: Wood unit; CI: Cardiac index; PCWP: Pulmonary capillary wedge pressure;
LVEF: Left ventricular ejection fraction; RVEF: Right ventricular ejection fraction.

Cardiovascular Surgery and Interventions, an open access journal
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(PVR), cardiac index (CI) and pulmonary capillary
wedge pressure (PCWP) were 16.5 (7-25), 3.13 (1-8)
wood units, 1.195 (0.95-2.4) L/min/m?, and 17.90
(10-410) mmHg, respectively (Table 2).

Only two patients had severe tricuspid regurgitation
before the operation, and concomitant tricuspid
annuloplasty was performed. Both patients were in
the severe RVF group. HeartMate II (HMII; St. Jude
Medical, Inc. [Thoratec Corporation], Pleasanton,
CA) was implanted in 31 patients (37.80%),
Heartmate III (HMIII; St. Jude) Medical, Inc.
[Thoratec Corporation], Pleasanton, CA) in 27 patients
(32.92%), and Heartware HVAD Ventricular Assist
System (HeartWare, Framingham, M A) in 24 patients
(29.26%). Wood unit. According to our algorithm,
eight (9.7%) patients developed severe, 12 (14.6%)
moderate, and 48 (58.5) mild RVF. No signs of RVF
were detected in 14 (17.2%) patients. Inotrope and
vasodilator therapy were started according to this
RVF classification. Among the seven patients who
underwent surgery at the INTERMACS level 1, three
patients developed severe, two patients moderate,
and two patients mild RVF. Among all patients, the
mean VIS values were 25.7+1.3 in the eight patients
with advanced RVF, 19.5+1.5 in the 12 patients with
moderate RVF, and 10.8+1.6 in the 48 patients with
mild RVF. In 14 patients without RVF, the mean VIS
was 3.6x1.1.

The mean duration of inotrope requirement was
longer in patients with advanced RVF. Postoperative
venoarterial extracorporeal membrane oxygenation
(ECMO) was used in all patients who developed
advanced RVF. The mean intubation time, renal
replacement therapy requirement, and bleeding
revision rates were higher in patients with advanced
RVF (Table 3). As the degree of RVF increased, the
INTERMACS level, need for inotropes, VIS value,
need for ECMO and renal replacement therapy, and
prolonged intubation time were found to be higher

(p<0.05).

Although the overall patient number in the study
was 82, the number of patients and morbidities
were not sufficient to make a comparative analysis
of each group. Instead, the study aimed to share
our criteria for RVF after LVAD implantation as a
contribution to further studies. A right ventricular
assist device (RVAD) was implanted in the first
postoperative week in one of the three patients who
could not be weaned off the required support with an

ECMO due to advanced RVF in the postoperative

Cardiovascular Surgery and Interventions, an open access journal
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-14)

Normal RV (n

48)

Mean+SD

Mild RVF (n

12)
Mean+SD

8) Moderate RVF (n=

Mean+SD

Advanced RVF (n

% Mean+SD

n

%
4.1

n

%
16.6

n

%
37.5

INTERMACSI

33.3 12.5 7.1

50

Preoperative mechanical support

12 100 12.5 21.4

100

Preoperative inotrope support

6.6+1.4 4.4+1.2 1.7£0.9
3.6+1.1

19.5 1.5

9.8+2.8
25.7¢1.3

Postoperative inotrope requirement (days)

10.8+1.6

VIS average (per patient)

375

Postoperative ECMO use

8.3

37.5

Renal replacement therapy

1.6x0.7 1.1+0.4

3.2+1.2

Intubation (days)

0
6.25 14.2

4.1

8.3

25
25
RVF: Right ventricular failure; RV: Right ventricul; VIS: Vasoactive inotrope score; ECMO: Extracorporeal membrane oxygenation.

Reoperation for bleeding

Mortality
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period. Two patients with advanced RVF died due
to prolonged intubation, infection, and sepsis. Two
patients with normal right ventricular function died
due to a major cerebrovascular event.

DISCUSSION

In LVAD patients, a postoperative process that
will provide adequate LVAD flow and tissue perfusion
can be ensured with careful intraoperative anesthesia
management, and patient hemodynamics will be
less affected by the underlying pulmonary and right
ventricular dysfunction.®”) The first step in patient
management during anesthesia preparationsisadvanced
hemodynamic monitoring. In patients with advanced
heart failure, a decrease in left ventricular preload
or an increase in left ventricular afterload can cause
rapid hemodynamic decompensation.® These patients
require large amounts of circulating catecholamines
to maintain vasoconstriction.””) Suppression of the
sympathetic system during induction or maintenance
of anesthesia may cause severe decompensation
in this patient group."™ In patients undergoing
LVAD implantation, TEE is a useful diagnostic and
monitoring tool that provides insight into the position
of the access cannula, ventricular contraction, filling
pressures, and valve functions.'*1® In our patient
series, all patients underwent perioperative a TEE
examination.

Evaluation of right ventricular functions is of
particular importance.'"”? Right ventricular function
is affected by preload, PVR, and contractility. Upon
initialization of the LVAD device, right ventricular
preload increases, and left ventricular afterload can
be optimized by adjusting the device flow. After the
LVAD is implanted, the ventricular septum should
be in a neutral to left position with the left ventricle
moderately decompressed. Insufficient left ventricle
decompression causes rightward septal shift and a
decrease in LVAD flow, while excessive ventricular
decompression causes the septum to deviate to the
left and the device to suction, compromising the
contractility of the right ventricle.

The interventricular septum may deviate to the left,
impairing the septal contribution to right ventricular
contraction and causing RVF. When RVF develops,
it will increase left ventricular failure due to the septal
compound system. Therefore, visual control with
TEE gains importance during the termination of
CPB to assess the need for fluid and inotropic support

Cardiovascular Surgery and Interventions, an open access journal

173

during the incremental raising of the LVAD flow.
The presence and degree of RVF can be successfully

defined with monitoring and TEE examination.

Although various definitions of RVF and risk
scoring systems have been defined, there is no
standard accepted classification that guides treatment
algorithms."! Existing definitions are generally based
on the treatment of RVF. High dose and duration
(more than two weeks) inotropic support RVAD,
ECMO, and long-term use (two to 14 days) of inhaled

nitric oxide are indicated as RVF treatment.20-22

Clinical differences are common in the detection
and management of intraoperative RVE. Although
the general strategies are known, the literature
on treatment combinations, timing, and doses is
limited. In our algorithm, patients were classified
as mild, moderate, and advanced RVF by evaluating
postoperative hemodynamic parameters (MAP,
CVP, and PCWP), echocardiographic parameters
(TAPSE, right ventricular fractional area change
[RVFAC], interventricular septum position,
and tricuspid valve function) and preoperative
echocardiographic findings. Patients were managed
according to this evaluation of RVF. The main
purpose of the treatment algorithm was to optimize
preload, afterload, and contractility using pulmonary
vasodilators and inotropes. The requirement of
inotropes or mechanical support was determined
according to these parameters.

Inotropes, such as milrinone, or pulmonary
vasodilators, such as nitric oxide and iloprost (PGI2
analogue), support the right ventricle by reducing
afterload and optimizing preload.?s Inhaled nitric
oxide can produce a 43% reduction in PVR and
decrease transpulmonary gradient (TPG).?¥ In our
patients, 20-30 ppm nitric oxide was used in 38
(46.34%) patients. In addition, hypoxia, hypercarbia,
and acidosis should be avoided to minimize PVR.08!
Right ventricular failure after LVAD is encountered
in 5 to 44% of operated patients across studies that
use varying definitions of RVF.”) Advanced RVF was
detected in three (3.6%) of our patients, moderate RVF
in 12 (14.6%) patients, and mild RVF in 48 (58.5%)
patients. Due to varying definitions of RVEF, no
comparison with other studies could be made in this
respect. The vasoactive inotropic scoring system is an
objective indicator of inotrope therapy. Many studies
have shown a correlation between high VIS values and
poor outcomes.

WWW.e-Cvsi .org
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Albeit, cut-off values for VIS vary greatly between
studies.””! In a study conducted in adult cardiac
surgery patients, one-year mortality was higher in
patients with a VIS 230.%7 In a study on the
prognostic value of VIS after LVAD implantation,?®!
high postoperative VIS (220) was associated with
adverse in-hospital outcomes and was a good predictor
of in-hospital mortality. In our study, the mean VIS
value was 25.7+1.3 in patients with advanced RVEF,
19.5+1.5 in moderate RVF, 10.8+1.6 in mild RVFE,
and 3.6£1.1 in patients without any RVF. Both RVF
and mortality are more frequent with high VIS
values. The necessity of using RVAD after LVAD is
reported as 2.6%.%") In The European Association For
Cardio Thoracic Surgery, (EACTS) expert opinion
statement, it was revealed that RVAD was required
at a rate of 6 to 28% in patients using LVAD.F In
our series, RVAD was used in one (5%) of 20 patients
with moderate and severe RVFE. Two patients with
advanced RVF could not be weaned from RVFE,
and RVAD, which is the next treatment step, could
not be used due to sepsis and multi-organ failure.
Right ventricular failure after LVAD implantation
is associated with high mortality and morbidity.??
The RVF development rate is 9 to 42% after LVAD
implantation, and the mortality rate is stated to be
8%.5% In our patient series, the mortality rate was
25% in patients with advanced RVF and 8.3% in
patients with moderate RVF. When RVF is excluded
from grouping, mortality is 9.7% in all patients.

The limitations of this study include its
retrospective data collection and the relatively limited
number of cases. Due to the limited number of
patients with different grades of RVF, a statistically
significant comparison was challenging. However,
we believe it is important that the same treatment
algorithm is applied to all patients, and thus we aimed
to share our intraoperative patient management to
form a basis for prospective studies.

In conclusion, intraoperative management during
LVAD implantation requires a multidisciplinary
approach and is crucial in the presence of RVF. A
standardized method for defining the RVF severity
and a well-defined treatment protocol according to its
degree of severityislacking. Defining the degree of RVF
is essential to provide optimal treatment. We suggest
our definitive criteria for evaluating mild, moderate,
and severe RVF after LVAD implantation, which is
helpful for a stepwise approach to management. The
clinical criteria proposed here can be helpful for future
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studies aiming at a universal algorithm for defining

the management of RVF after LVAD implantation.
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ABSTRACT

Objectives: This study was designed to evaluate the early-term results of the safety and effectiveness of simultaneous applications of
coronary revascularization and carotid endarterectomy.

Patients and methods: In the sectional descriptive study conducted between December 2010 and December 2014, 32 patients
(22 males, 10 females; mean age: 66+1.6 years; range, 49 to 85 years) with coronary artery disease and carotid artery stenosis were
evaluated. All patients underwent simultaneous carotid endarterectomy and coronary artery bypass grafting. They were followed
at the median for three months. Demographic characteristics of the patients and a history of previous myocardial infarction,
hypertension, diabetes mellitus, hyperlipidemia, renal disease, peripheral arterial disease, and smoking were recorded.

Results: Hospital mortality was encountered in two (6.3%) patients. One (3.1%) patient had a postoperative major stroke, whereas two
patients had a transient ischemic attack. Postoperative myocardial infarction was observed in one patient.

Conclusion: Synchronous carotid endarterectomy and coronary artery bypass grafting may be safe and effective in the management of

patients with concomitant carotid artery stenosis and coronary artery disease.

Keywords: Carotid artery stenosis, carotid endarterectomy, coronary artery bypass grafting, coronary artery disease.

The coexistence of coronary artery and internal
carotid artery obstructive disease is quite prevalent.!!
Significant internal carotid artery stenosis is detected
in 8 to 14% of patients undergoing coronary artery
bypass surgery.l!! Significant internal carotid artery
disease poses a high risk for stroke after coronary
bypass surgery. Therefore, carotid endarterectomy
(CEA) is recommended for stroke prevention before

coronary artery surgery.?

Surgical options applied in the coexistence of
coronary and carotid artery disease are as follows:
(i) staged approach, where endarterectomy is initially
performed, followed by coronary artery bypass
grafting (CABG); (ii) simultaneous approach, in
which both procedures are done in one session;
(iii) reversed approach, where CABG is performed
first and CAE is performed later, which has a high
cerebrovascular event rate. The overall risk of death,
stroke, and myocardial infarction has been reported to
be 10 to 12% after staged or simultaneous CEA and
coronary bypass.’! In this study, we aimed to present

Cardiovascular Surgery and Interventions, an open access journal

our results of CEA and myocardial revascularization
performed simultaneously in a single center.

PATIENTS AND METHODS

Thirty-two patients (22 males, 10 females;
mean age: 66.8+1.6 years; range, 49 to 85 years)
who underwent simultaneous CAE and CABG
using cardiopulmonary bypass (CPB) at the Turgut
Ozal University Faculty of Medicine Hospital
between December 2010 and December 2014 were
included in the sectional descriptive study. The
patients were followed up for three months after

the CABG. Surgical indications for CAE were as
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follows: (i) 250% internal carotid artery stenosis in
a symptomatic patient, (7j) 270% internal carotid
artery stenosis in an asymptomatic patient, and
(iii) 270% bilateral internal carotid artery stenosis in
an asymptomatic patient. Reoperation or emergency
operations, patients with preoperative inflammatory or
infective lung disease, patients with a left ventricular
ejection fraction <40%, patients with chronic liver
disease, and those wusing preoperative steroids
were excluded from the study. All patients were
operated by the same surgical team. Preoperative
carotid artery evaluation of our patients was routinely
performed with carotid Doppler ultrasonography.
Computed tomography was performed in six patients
(18.75%) as the rate of carotid stenosis could not be
determined clearly who underwent carotid Doppler
ultrasonography.

Surgical technique

The carotid artery was reached by passing the
medial fascia of the sternocleidomastoid muscle. After
the common carotid artery, internal carotid artery,
and external carotid artery were fixed with nylon
tapes, heparin was applied as a standard procedure.
An incision was made in the carotid artery extending
from the common carotid artery to the internal carotid
artery. A carotid shunt was applied to all patients, and

177

then CEA was performed. After the procedure was
completed, the incision was repaired with primary
or a continuous suture technique using a carotid
patch. Acetylsalicylic acid was routinely added to the
treatment on the first postoperative day in all patients.

Median sternotomy was performed, the left
internal mammary artery was prepared. Moderate
hypothermic CPB was applied during the operation.
Myocardial protection was started with cold crystalloid
cardioplegia, followed by cold blood cardioplegia. The
aortic clamp was removed after all distal and proximal
anastomoses were completed. We believe that the
anastomosis quality is better under cross-clamp.

Statistical analysis

All data were collected and analyzed using IBM
SPSS version 20.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data are reported as median
with interquartile range or frequencies as appropriate.
We performed a Student t-test or Mann-Whitney
U test as appropriate. Categorical variables were
expressed as numbers (percentages) and compared
using Pearson’s chi-squared tests. Clinical data were
presented as mean * standard deviation (SD). A p value
<0.05 was considered statistically significant.

Table 1
Clinical characteristics of the patients

n % Mean+SD Range

Age (year) 66.8+1.6 49-85
Sex

Male 22 68.8

Female 10 31.3
Neurological history

Asymptomatic 23 71.9

Transient ischemic attack 4 12.5

Stroke 5 15.6
Cardiac history (myocardial infarction) 15 46.9
Chronic obstructive pulmonary disease 6 18.8
Hypertension 26 81.3
Diabetes mellitus 18 56.3
Chronic renal failure 4 12.5
Smoking 13 40.6
Hyperlipidemia 10 31.3
Peripheral artery disease 7 219
SD: Standard deviation.
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Table 2
Preoperative data

n % Mean+SD Range
Aortic cross-clamp time (min) 99.7+5.7 38-193
Cardiopulmonary bypass time (min) 125.627.6 60-259
Number of coronary grafts 3.5+0.1 2-5
Intensive care duration (h) 24.3+2.6 14-76
Length of stay in hospital (days) 6.60.5 4-14
Surgical technique primary 1 31
Patchplasty 31 96.9
SD: Standard deviation.

RESULTS

Preoperative demographic data are given in Table 1.
In the preoperative evaluation, most of the patients
were asymptomatic (23 patients, 71.9%). Four (12.5%)
patients had a transient ischemic attack, and five
(15.6%) patients had a history of stroke. Two patients
with a history of stroke had right lower and right upper
extremity weakness, two patients had left lower and
left upper extremity weakness, and one patient had a
complete motor deficit on the left side.

Unilateral stenosis was detected in 25 (78.1%)
patients, and bilateral stenosis was detected in seven
(21.9%) patients. Fifteen (46.9%) patients had a history
of coronary artery disease (myocardial infarction). Two
of four (12.5%) patients with chronic kidney disease
were continuing the hemodialysis program.

The preoperative data of the patients are given in
Table 2. All patients were followed in the intensive
care unit on the first day of operation. The carotid

Table 3
Postoperative data

n %

Early mortality 2 6.3
Neurological event persistent

Hemiplegia 1 3.1

Transient hemiparesis 0 0

Transient ischemic attack 2 6.3
Postoperative MI 1 3.1
Atrial fibrillation 3 9.4
Heart failure 2 6.3
MI: Myocardial infarction.

Cardiovascular Surgery and Interventions, an open access journal

artery was repaired with a patch in 31 (96.9%) cases,
and primary closure was preferred in only one (3.1%)
patient due to the large diameter of the carotid artery.

Postoperative data of the patients are given in
Table 3. Early mortality occurred in two (6.3%)
patients due to cardiac events. One was deceased
while hospitalized on the seventh postoperative day,
and sudden death was observed in the other patient
after discharge in the first postoperative month.
Permanent hemiplegia developed in one patient, who
was referred to physical therapy and rehabilitation
after discharge. A transient ischemic attack developed
in two patients. Myocardial infarction was observed
in one patient after the operation.

DISCUSSION

One of the most common and feared complications
after myocardial revascularization is a perioperative
neurological event. In addition to having a significant
effect on morbidity and mortality in the early and
late periods, it prolongs the stay in the intensive care
unit and the duration of discharge. It causes loss of
workforce and reduced quality of life.*

It has not yet been clarified whether carotid artery
disease causes perioperative stroke in individuals who
have undergone coronary bypass operations. It has
been suggested that some of the strokes may occur
from residual carotid plaques during or after the
operation, as well as from the harmful effects of the
CPB, particularly the loss of pulsatile flow and the
decrease in systemic perfusion pressure during CPB,
which causes ischemia and related stroke distal to
the carotid stenosis.>¢) However, Reed et al.”l also
reported that more than 50% of strokes occur in the
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postoperative period. This indicates that there are
other mechanisms as well. More research is needed on
this topic.>”

Discussions are still ongoing about the surgical
sequencing of patients with both CABG and CEA
indications.®! Surgical strategies such as staged,
reverse staged, or simultaneous approaches were
reported to minimize perioperative neurological
and cardiac complications in these patients.”) In
patients with significant carotid artery stenosis who
underwent CABG alone, the perioperative neurologic
event rate was reported between 7.4 and 20.3%, and
the mortality rate was between 6.9 and 13.8%.001U In
addition, a high morbidity rate of 7 to 8% was reported
in patients requiring CABG but undergoing isolated
CEA, and this is mostly the result of perioperative
myocardial infarction."! Therefore, simultaneous
operation in which both CEA and CABG are
performed is recommended.!'?! Trachiotis and
Pfister™ and Akins et al.*! reported that combined
CEA and CABG surgery were very effective in
reducing neurological and myocardial complications.
In addition, Takach et al.l'® stated in their study
that the simultaneous approach is as safe as the
staged approach even in the high-risk patient group.
However, the discussion of how the simultaneous
approach will be conducted has continued since
Bernhard et al.l”! reported the simultaneous operation
for the first time. The incidence of stroke is high
(10%) in patients who initially underwent CABG
and then CEA under cardiopulmonary bypass. In
patients who underwent CEA and then coronary
bypass operation, the incidence of perioperative
myocardial infarction was found higher, and it has
been reported that 25 to 30% of death rates are due
to myocardial infarction.'”] Evagelopoulos et al.l"!
performed combined surgery in 313 patients in which
the carotid artery was prepared first and performed
CEA after cooling to 30°C with median sternotomy,
systemic heparinization, standard cannulation, and
CPB. The early mortality rate with this technique
was found to be 8.9% (4.2% cardiac origin). Khaitan
et al.?! reported that cerebral protection could be
safely applied with 25°C hypothermia. In our series,
we found that major neurological morbidity was 3.1%
and mortality was 6.3% in our patients. In addition,
6.3% of our patients developed a transient ischemic
attack.

Although there is no consensus on the ideal
mean blood pressure for cerebral protection in CPB,

Cardiovascular Surgery and Interventions, an open access journal

Tufo et al.?? reported that the risk of neurological
events increased fourfold when the blood pressure
remained below 50 mmHg for more than 10 min.
In the simultaneous surgical technique used in our
study, CEA is performed first, and then CABG is
performed. Cerebral perfusion was maintained by the
routine use of carotid shunts in all patients during
CEA. In addition, we aimed to prevent cerebral
hypoperfusion by keeping the perfusion pressure above
70 mmHg during CPB.

It has been reported in various publications
that cardiopulmonary bypass and aortic and
carotid cross-clamp time are the most important
determinants of perioperative stroke development
in CABG surgery. Each of these two periods is of
particular importance in combined surgery. In a
study of 2,211 patients undergoing coronary artery
surgery, it was reported that pump time exceeding
120 min was a predictor of perioperative stroke.?]
In our series, the mean aortic cross-clamp time was
99.7+5.7 min, and the mean CPB time was found
125.6+7.6 min.

The main limitation of this study is that it included
a single center. Therefore, the number of patients and
the follow-up period are limited. Long-term follow-up
results are needed.

In conclusion, combined CEA and CABG
intervention may be recommended in the presence of
severe carotid stenosis with coronary artery disease.
When evaluated together with the literature, it can be
said that the results of the simultaneous approach will
be satisfactory.
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ABSTRACT

Mucopolysaccharidoses are progressive inherited lysosomal storage disorders, and early cardiac involvement is common. Valvular
involvement of mucopolysaccharidoses usually causes regurgitation, most commonly affecting the left heart and mitral valve. In this case,
we discuss the treatment and perioperative management of mitral valve degeneration in a child with Hurler syndrome by performing mitral

valve replacement.
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Mucopolysaccharidoses (MPSs) are progressive
inherited lysosomal storage disorders caused by the
absence of enzymes involved in glycosaminoglycans'
(GAGs)  degradation.  Mucopolysaccharidosis
causes multiorgan system dysfunction and clinical
implications that vary according to the specific GAG
accumulated and the specific enzyme mutations
present.l!! There are seven subtypes of MPS defined
in the current literature. Early cardiac involvement is
common, particularly in patients with MPS type 1
(Hurler syndrome).”! There are very rare pediatric
cases published on valvular surgery in patients with
Hurler syndrome in the current literature. In this
case, we discuss the treatment and perioperative
management of mitral valve degeneration in a child
with Hurler syndrome by performing mitral valve
replacement.

CASE REPORT
An 11-year-old female diagnosed with MPS type 1

when she was seven-year-old presented to our clinic.
Phenotypically short stature, thickening of the face,
short and stiff neck, claw hand, and wide abdomen
were observed (Figure 1). The patient had a history
of frequent respiratory tract infections and multiple
intensive care unit hospitalization, and a tracheostomy
was performed two years ago. The patient had been
undergoing enzyme replacement therapy (Laronidase;
Genzyme Europe B.V, Amsterdam, Netherlands) since
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the age of eight. The patient, who was admitted
to the emergency department with a pneumonia
attack 15 days ago, received intensive antibiotherapy
treatment in the intensive care unit. On physical
examination of the patient, a holosystolic murmur
extending to the axilla was heard upon listening.
Crepitant rales were heard in the bilateral lower zones
of her lungs. The patient had hepatomegaly and 2+
pitting edema in both lower extremities. Transthoracic
echocardiography revealed moderate mitral stenosis
and severe mitral regurgitation. The mitral valve area
was 0.95 cm?, the peak gradient was 24 mmHg, the
mean gradient was 10 mmHg, and the regurgitant
fraction was 46% (Figure 2). Subvalvular involvement,
thickened leaflets, and commissural fusion were
detected. The left atrium bulged to the right, and
marked left atrium dilatation (4.6x5 cm) was observed.
The patient was discussed in the pediatric cardiology
and cardiac surgery council, and a decision for mitral
valve replacement was made.

The patient was taken to the operating room. A
median sternotomy was performed. The patient had a
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Figure 1. Phenotypic appearance of the patient
with short stature, prominent smallness of the jaws,
cervical shortness, rough facial features, claw-like
hands, and umbilical hernia.

large thymus tissue covering the entire mediastinum.
The thymus was completely removed. It was observed
that the mediastinum was quite narrow. Aortic bicaval
cannulation was performed. The procedure was
initiated under moderate hypothermia. Antegrade
blood cardioplegia was used for diastolic arrest. Left
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atriotomy was performed through the Sondergaard
groove. Mitral valve leaflets were in dysmorphic
appearance, and both leaflets were markedly thickened.
Chordae tendineae were shortened, and papillary
muscles were thickened. Diffuse involvement of the
subvalvular apparatus impaired the mobility of the
leaflets. There was thickening in the mitral annulus
due to dense deposit accumulation, and the tissue was

fragile (Figure 3).

Mitral valve leaflets were resected. It was not
possible to preserve the subvalvular apparatus
structures in this patient as it was obvious that it
would adversely affect the opening of the mechanical
valve leaflets. The annulus was tight and flimsy.
Therefore, the annular structure was strengthened by
crossing pledget-supported single sutures. Bileaflet
size 20 supra-annular mechanical mitral valve (Open
Pivot AP; Medtronic, Minneapolis, MN, USA) was
used for replacement. Mechanical valve opening
was checked with intraoperative transthoracic
echocardiography. Cross-clamp time was 112 min.
The patient was weaned from cardiopulmonary
bypass with a low-dose dopamine infusion. In the
third postoperative hour, the intubation tube was
replaced with a tracheostomy cannula. The patient's
need for positive pressure ventilation continued for
six days due to early pulmonary atelectasis. The
patient, who was applied respiratory physiotherapy
during the intensive care period, was taken to the
clinical service on the 15" day. During this whole
process, enzyme replacement therapy treatment was
continued without interruption. The patient was
discharged on the 19 postoperative day without any
complications.
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Figure 2. Transthoracic echocardiography demonstrates thickened mitral valve leaflets, (a) thickened and fused

subvalvular apparatus, and (b) eccentric failure jet.
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Figure 3. (a) The itraoprati{/e.viéw of the patient (the mitral valve is seen through the left atriotomy) and

(b) the mitral valve removed in a single piece.

DISCUSSION

Mucopolysaccharidosis can affect all tissues that
develop due to genetic mutation of lysosomal enzymes
and where deposits accumulate. Phenotypes such as
growth retardation, skeletal and joint deformities,
vision and hearing problems, spinal cord compression
symptoms, and hepatomegaly may be encountered.
Cardiac involvement is observed at a high rate in
this patient group. Previous studies have shown that
the causative subtypes (MPS types 1, 2, and 4)
are more commonly associated with cardiovascular
pathologies, particularly with dermatan sulfate
catabolism defects.l*®! In the current literature, it is
seen that the valvular involvement of MPS usually
causes regurgitation, most commonly affects the left
heart, and the most frequently affected valve is the
mitral valve. The positive effects of medical treatment
on valvular involvement in patients with an early
diagnosis are controversial. After the administration
of enzyme replacement therapy, myocardial and
ventricular function improved in patients with MPS,
myocardial deposit accumulation decreased, and
progression slowed. However, poor vascularity of heart
valves limits enzyme replacement therapy’s effect on
valvular degeneration.¥

There are procedural difficulties in valvular
replacement surgery in patients with MPS. As the
mediastinum and heart chambers are tight, this
situation makes surgical manipulation and retraction
difficult in patients with MPS. Besides, periprosthetic
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annular tissue has a narrow and tight structure due to
deposit accumulation. However, the annular tissue is
not structurally durable enough. The use of pericardial
pledget and felt pledget has been reported in the
literature. We preferred to use Teflon felt to increase
durability. Additionally, due to annular stenosis, we
preferred a supra-annular prosthetic valve. Placing
the prosthesis in a supra-annular position appears to
be a good alternative in patients with MPS, where
traditional annular implantation is often not possible.

The positive effects of preserving the subvalvular
apparatus on postoperative myocardial functions in
mitral valve replacement are already known. However,
in the patient we operated on, there was a mass effect
due to the severe thickening of the papillary muscle,
and the chordae tendineae were severely shortened.
We think that aggressive excision of papillary muscles
and chordae tendineae will prevent the need for
reintervention due to complications such as a stuck
prosthetic valve. Kitabayashi et al.’) reported in their
case report in 2007 that they resected the chords and
papillary muscles.

We think that myocardial protection during
cardiopulmonary bypass is essential in these patients.
Since diffuse intimal proliferation and coronary arterial
stenosis/occlusion in epicardial coronary arteries due
to GAG storage were detected in two studies.® In
addition, subvalvular apparatus excision for valve
replacement in these patients may cause myocardial
dysfunction. Therefore, we tried to overcome this
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problem by adhering to the full-dose cardioplegia
protocol, applying topical cold saline, and venting the
left heart chambers.

In the postoperative period, a restrictive lung
disease with reduced compliance, predisposition to
upper and lower respiratory tract infections, short
tracheal length, macroglossia, and neck deformities
make these patients’ extubation process difficult.
We applied intensive respiratory physiotherapy to
our patient during the preoperative period. Besides,
since the patient had a tracheostomy, we performed
intraoperative intubation procedures and postoperative
respiratory management more efficiently. However,
our patient had a prolonged intensive care period
due to the development of atelectasis. The literature
observed that patients with MPS who underwent valve
surgery had an extended intensive care period, and
pulmonary complications were frequent. Therefore,
when the decision for valve replacement is made for
these patients, it is necessary to be prepared for lung
complications during the intensive care unit stay.

In conclusion, cardiac involvement in patients
with Hurler syndrome may further impair already
poor pulmonary function. The elimination of
valve pathology prolongs the patient's life. Good
perioperative preparation is vital in this patient group.
The surgeon should know that they will encounter a
narrow and structurally challenging annulus in the
intraoperative period and take precautions against this
situation.
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ABSTRACT

Atrial septal defect (ASD) is the most common congenital anomaly in adults after bicuspid aortic valve. Atrial septal defect closure should
be carefully considered in the setting of elevated pulmonary artery systolic pressure. Patients with borderline pulmonary vascular resistance
may be candidates for closure with careful hemodynamic evaluation, even after pulmonary hypertension therapy. Herein, we present the
surgical closure of the ASD with a valved pericardial patch after medical therapy for pulmonary hypertension via the da Vinci robotic

system in a 30-year-old female patient.

Keywords: Pulmonary hypertension, robotic atrial septal defect surgery, valved pericardial patch.

Atrial septal defect (ASD) is the most common
congenital anomaly in adults after bicuspid aortic
valve.l'! Although it may be asymptomatic until
adulthood, potential complications of an undetected
ASD include arrhythmias, paradoxical embolizations,
right ventricular failure, and pulmonary hypertension,
which is associated with high morbidity and mortality
rates.[b?

Pulmonary arterial hypertension (PAH) may
develop approximately in 3 to 10% of patients with
congenital heart disease, known as pulmonary
hypertension-congenital heart disease (PH-CHD).!
The decision to close an ASD in the presence of elevated
pulmonary artery systolic pressures is difficult. In such
patients, a cardiac team experienced in congenital
heart anomalies must decide the ASD closing surgery.
Atrial septal defect closure is contraindicated in
patients with Eisenmenger physiology and in patients
with pulmonary vascular resistance (PVR) 25 WU,
while it is controversial in patients in the range of
4-5 WU In these patient groups, ASD may be
crucial for decreasing right ventricle overload by
allowing right-to-left shunt as a valve, particularly in
pulmonary hypertensive attacks. Therefore, in patients
with high pulmonary arterial pressure (PAP), the
closing of ASD should be carefully considered after an
individualized assessment of patients about potential
benefits and risks. A valved pericardial patch could

Cardiovascular Surgery and Interventions, an open access journal

be a good choice in such patients who are not suitable
for interventional techniques with fenestrated ASD
closure devices.lh?

In this case report, we present robot-assisted ASD
closure with a valved pericardial patch, which allows
only a right-to-left shunt, in a patient who had PAH.

CASE REPORT

A 30-year-old female patient with no other
known disease was admitted to the cardiology
department with reduced functional capacity
without any other symptoms. Chest X-ray revealed
right atrial enlargement while electrocardiogram
demonstrated rightward axis deviation. Transthoracic
echocardiography revealed right ventricular dilation,
a large ASD, elevated systolic pulmonary artery
pressure (85 mmHg), and moderate tricuspid valve
insufficiency. Right heart catheterization (RHC)
showed an elevated PAP and PVR of 71/31 mmHg
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Figure 1. The view of the valved pericardial patch (a) A 1 cm second pericardial patch was sewn onto the hole of the main
pericardial patch. (b) The pericardial patch was sutured onto the atrial septal defect. The black arrow shows the direction of the
tunnel passing through the inferior vena cava to the superior vena cava. (c) Final version of the valved pericardial patch. Black

star indicates the tunnel and the location of the valve).

(mean pressure: 48 mmHg) and 4.74 WU, respectively.
The fraction of pulmonary perfusion (Qp)/fraction
of systemic perfusion (Qs) ratio was 2. Other likely
causes of pulmonary hypertension were excluded. We
decided to reevaluate ASD surgery after pulmonary
hypertension-specific therapy. Macitentan was started
10 mg once daily. Right heart catheterization revealed
a slight improvement in PAP (60/33 mmHg [mean
pressure: 43 mmHg]) and PVR (3.65 WU) at the three-
month follow-up. The Q p/Qs ratio was also elevated
to 2.85. Although improvements in catheterization
parameters, pulmonary hypertension was ongoing. We
decided to close the ASD with a valved pericardial
patch, which allows only a right-to-left shunt in case
of high pressure in the right atrium due to ongoing
PAH. Standard surgical procedure was performed
via da Vinci robotic system as we detailed in our
previous reports.>% The pericardial patch was excised
and treated with glutaraldehyde as usual. Different
from standardized ASD surgery, a 1 cm oval defect
was created in the middle of the patch. Then, it was
repaired with another small pericardial patch with a
running polypropylene suture except for one side of
the intended defect, which will create a tunnel (as
foramen ovale in neonatal life) to allow a right-to-left
shunt in case of elevated PAP (Figure 1a). Afterward,
the patch was sutured onto the atrial septal defect.
At this time, it is important that the small patch
stays on the left atrial surface, allowing a right-to-
left atrial shunt when it is necessary. Furthermore, a
tunnel passing through the inferior vena cava to the
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superior vena cava was created (Figure 1b). After the
de-airing protocol, the operation was terminated with
standardized techniques. Figure lc demonstrates the
final version of the patch. Total cross-clamp time and
total perfusion time were 63 and 128 min, respectively.
The patient was discharged on the fifth postoperative
day without any complications. Macitentan treatment
was planned for six months, and a control right heart
catheterization was also planned for the six-month
follow-up.

DISCUSSION

Atrial septal defect can remain undiagnosed until
adulthood. In most asymptomatic patients, symptoms
occur after the fourth decade, including reduced
functional capacity, exertional shortness of breath,
palpitations, and less frequently right heart failure. If
pulmonary hypertension has not developed, surgical
repair has low mortality and good long-term outcome.
However, if pulmonary hypertension has developed,
these patients must be carefully evaluated. Atrial
septal defect closure is contraindicated in patients
with Eisenmenger physiology, a PVR 25 WU
(despite targeted PAH treatment), or desaturation on
exercise.l) Nonetheless, there is a gray zone where it is
still controversial to close ASD, particularly in patients

whose PVR is in the range of 4-5 WU.

According to the European Society of Cardiology
guidelines for the management of adult congenital
heart disease, patients who have ASD with a significant
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shunt (signs of right ventricular volume overload),
PVR <5 WU, and Qp/Qs >1.5 should undergo ASD
closure regardless of symptoms.’! If PVR is 25 WU,
fenestrated ASD closure may be considered when
PVR falls below 5 WU after targeted PAH treatment
and a significant shunt is present (Qp:Qs >1.5). The
guidelines also conclude that a decision regarding
lesion correction should be based upon individual
patient evaluation at a tertiary center with expertise in
PH-CHD."! In our case, although the first measured
PVR was 4.74, we assessed that it would be risky
to completely close the ASD in this patient after
hemodynamic evaluation.

There are three commonly used classes of
medications that have shown efficacy in PAH
treatment:  phosphodiesterase-5  inhibitors,
prostanoids, and endothelin receptor antagonists.
These medications have different pathway targets,
mechanisms of action, indications, delivery routes,
and side-effect profiles.!”) In our patient, we chose
macitentan (as an endothelin receptor antagonist) for
this purpose.

Percutaneous fenestrated ASD closure is
undoubtedly an alternative in these patients. However,
if it is not feasible to implant the device secondary to
a lack of rims (even if it is complete or fenestrated),
a surgical valved pericardial patch could be a good
choice.

There are some papers about unidirectional
valved patch closure of septal defects with good
results.”$) With this option, most of the patients
who had high surgical risk secondary to complete
closure of the ASD could be operated. Rosic et al.l”!
reported their surgical technique with a Dacron
patch, which was similar to our technique. It is
well-known that autologous pericardium has a
stronger ability to resist calcification without any
foreign or synthetic material. In our center, we
primarily choose autologous pericardium whenever
possible, and in this case, we used an autologous
pericardium patch instead of a bovine or Dacron
patch.

There are several options available to patients for
ASD surgery. Percutaneous interventions are less
invasive; however, in patients with an insufficient
rim of defect, these techniques cannot be used. Shunt
recurrency, infections, and occluder dislodgment are
other complications of percutaneous techniques.”’
Therefore, surgeons should continue to prefer safe
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and feasible surgical procedures while utilizing less
invasive, less traumatic, and most cosmetically
appealing techniques. In our center, we do most of
the ASD closure surgery with the da Vinci robotic
system or minimally invasive techniques. Merits of
robotic surgery are mainly less pain, complication,
and trauma as in all minimally invasive techniques,
with surgeon-friendly instruments’ improved
mobility and visualization capability.’' In this
regard, robot-assisted valved pericardial ASD closure
can be preferred as a cosmetically compelling and
effective method for patients with borderline PAH
after good hemodynamic evaluation and appropriate
medical therapy in a tertiary center.

In conclusion, robot-assisted ASD closure with
a valved pericardial patch is an effective and feasible
method in pulmonary hypertensive patients after a good
hemodynamic evaluation and patient management.
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ABSTRACT

Right ventricular pseudoaneurysms are rare in the literature. Patients may have complaints such as shortness of breath, fatigue, and
palpitations, as well as signs such as ventricular arrhythmias and hypotension. In addition to a good physical examination and anamnesis,
transthoracic echocardiography, transesophageal echocardiography, computed tomography, computed tomography angiography, magnetic
resonance imaging, magnetic resonance angiography, scintigraphy, and ventriculography can also be used for diagnosis. The certain
treatment of right ventricular pseudoaneurysms is surgical aneurysmectomy and repair. Herein, we present the diagnosis and management

of a 32-year-old male patient with a right ventricular pseudoaneurysm, which was diagnosed 20 years after a fall from height.

Keywords: Aneurysm, blunt trauma, pericardiectomy, pseudoaneurysm, surgery, ventricular.

Right ventricular (RV) pseudoaneurysms are rare,
particularly due to traumatic events, but could be fatal
for patients,? Ischemic heart diseases are the most
common reason; additionally, infections, previous
cardiac operations, blunt traumas, pericardiocentesis,
epicardial lead extraction, and transcatheter valve
replacement are among other causes.'”! Right
ventricular aneurysms are only encountered in 1 to
3% of all cardiac aneurysms in pathological series. In
addition, most of these RV aneurysms occurred in the
RV outflow tract due to prior congenital operations.!*)
Ventricular aneurysms usually arise in the left ventricle,
and there are few reports of RV pseudoaneurysms.*!
It is difficult to determine by physical examination
as there is no typical sign for pseudoaneurysms.
Ventricular arrhythmias, hypotension, shortness of
breath, fatigue, and palpitation can be observed.
In addition to a good physical examination and
anamnesis, transthoracic echocardiography (TTE),
transesophageal  echocardiography, computed
tomography (CT), computed tomography angiography
(CTA), magnetic resonance imaging (MRI), magnetic
resonance angiography (MRA), scintigraphy,
and ventriculography can be useful for diagnosis.
Although surgical treatment is required for large true
cardiac aneurysms, pseudoaneurysms are frequently
narrow-necked and usually can be percutaneously
closed. Herein, we present the management of a
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patient with an RV pseudoaneurysm and constrictive
pericarditis, which was diagnosed 20 years after a fall
from height.

CASE REPORT

A 32-year-old male patient was admitted to our
clinic with the diagnosis of an RV pseudoaneurysm.
There was no significant comorbidity in the medical
history except for a fall from the second floor
when he was 12 years old. The patient had lost his
consciousness after the event but was not admitted
to any hospital. It was learned that the patient had
complaints of fatigue and weakness for about one
week after falling. Afterward, he continued his life
without a complaint for 20 years; however, the patient
had developed palpitation, fatigue, weakness, and
shortness of breath in the last year. A 1.5x2.5 cm
pseudoaneurysm with Doppler activity at the apex of
the right ventricle and an ejection fraction of 45% was
detected on TTE. The pericardium was thickened,
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and other TTE findings consistent with constrictive
pericarditis were also present. The pericardium
was fibrotic, thickened (more than 2 mm), and a
ventricular septal diastolic shudder and respiration-
related shift in the interventricular septum was
present. Respiratory change in the mitral valve E/A
(early to late diastolic transmitral flow velocity)
was more than 25%. A coronary angiography was
performed in another center, which was normal.
Pulmonaryarterial pressure, right heart chambers, and
functions were normal. An aneurysmatic appearance
of approximately 30x18 mm was observed at the RV
apex with a narrow neck of approximately 2 to 3 mm
in the CTA (Figure 1). The electrocardiogram was
in sinus rhythm. Routine blood tests were completely
normal. We started the operation with a median
sternotomy approach. The pericardium completely
consisted of a fibrinous structure (Figure 2). Aortic
and right atrial cannulation was performed, but the
cardiopulmonary bypass was not started. A complete
pericardiectomy was done. Afterward, the primary
repair was performed by excising the aneurysmatic
tissue from the apex of the right ventricle by the
off-pump procedure (Figure 3). A pathological

Figure 1. Computed tomography angiography image of the
aneurysm emerging from the apex of the right ventricle with
a thin neck.
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sample was taken from the pseudoaneurysm sac and
pericardiectomy material. It was reported as fibrosis
and compatible constrictive pericarditis (Figure 4).

A8
Figure 3. Aneurysmal region at the apex of the right
ventricle.
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Figure 4. Hematoxylin & eosin-stained preparations of the pericardium revealing fibrosis and lymphocyte-
dominant inflammation on light microscopy. No significant calcification was observed. (a) Thickened fibrotic

pericardium (H&E, x40). (b) Lymphocyte-dominated inflammation (H&E, x100).

The patient was discharged on the seventh day
without any complications, and there were no issues
in a three-year follow-up.

DISCUSSION

Loss of myocardial integrity is the main cause
of cardiac rupture. Free intrapericardial rupture
usually results in cardiac tamponade and death. If a
cardiac rupture is not containing whole cardiac layers,
pseudoaneurysm formation occurs.” Noninvasive
tests such as two-dimensional echocardiography and,
more recently, three-dimensional echocardiography
may be useful for detecting Doppler activity, or the
same can be accomplished by echocardiographic
contrast. Transesophageal echocardiography could
be more beneficial for the evaluation of posterior
cardiac segments due to its increased sensitivity
compared to TTE. Cardiac MRI and CT can be
performed to assess the structural relationships of the
cardiac aneurysms or pseudoaneurysms detected in
the echocardiography.l>*

The majority of ventricular aneurysms occur in
the left ventricle.) In addition, RV aneurysms are
more frequently located in the RV outflow tract due
to prior congenital heart operations.” While some
of the RV aneurysms are clinically diagnosed, some
of them are diagnosed postmortem, and most of
these are pediatric cases.® ' While transmyocardial
infarcts, trauma, congenital, and cardiomyopathies
are among the causes, some may be idiopathic.!?
Tatrogenic cases have also been reported.'™ A fatal
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RV aneurysm case was reported in a patient who
underwent transcutaneous radiofrequency ablation for
Wolff-Parkinson-White syndrome.!') In addition,
cases of RV aneurysm developing after postinfarct
ventricular septal rupture have also been reported.[+1¢!
Cardiac pseudoaneurysms are treated with Amplatzer
septal occluder devices and introduced under
fluoroscopic and angiographic guidance.

Diagnosis of constrictive pericarditis and its
differentiation from restrictive cardiomyopathy
is important but usually difficult. Transthoracic
echocardiography is the initial and sometimes the
only affordable test for the diagnosis of this condition.
As per Hancock," septal bounce, ventricular septal
shift with respiration, and biatrial enlargement are the
three basic signs of TTE in constrictive pericarditis.
In our case, the ejection fraction of 45% was detected
on TTE. The pericardium was fibrotic, thickened
(more than 2 mm), and ventricular septal diastolic
shudder and respiration-related shift were present in
the interventricular septum. Respiratory change in
the mitral valve E/A was more than 25%. Significant
respiratory variation in mitral and tricuspid inflow
velocities represents ventricular interdependence and is
an important pathophysiologic feature in constrictive
pericarditis."®!

Right ventricular aneurysms may be isolated
or may be accompanied by some congenital
anomalies. A case of a double-chambered left
ventricle-associated RV aneurysm and another case
with hypertrophic cardiomyopathy associated with
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RV aneurysm have been reported.”?") As with left
ventricular aneurysms, the most common cause of
an RV aneurysm is myocardial infarction. Aneurysm
development time after myocardial infarction may
take years, or it may develop within the first week.
An RV aneurysm that developed on the sixth day
postinfarction is available in the literature.?” The
most sensational study of RV aneurysms was done
by Antonelli Incalzi et al.?? In their study, they
found the rate of aneurysm development in the
right ventricle after acute myocardial infarction
to be 8.8%. This rate represents a significant
public health problem. Nonetheless, the incidence
of aneurysms is lower in patients followed up after
acute myocardial infarction in the clinic. Due
to blunt traumas and aortic dissections, ruptures
in the heart cavities and pseudoaneurysms can
develop.l?”) The symptoms of patients with an
RV aneurysm are nonspecific and have a wide
range. The most common symptoms are fatigue,
shortness of breath, collapse, and palpitation.>*2°]
Along with these, hypotension and hypotensive
attacks may be the first signs.[?! It may manifest as
syncope attacks due to malignant arrhythmias.?”]
The most severe symptom in our patient was fatigue.
Transthoracic echocardiography, transesophageal
echocardiography, CT, CTA, MRI, MRA, and
direct ventriculography are used in diagnosis.!?
In our case, TTE and CTA were utilized. Right
ventricular aneurysms that cause
dysrhythmias, heart failure, and pulmonary
embolism are indicated for surgery.l In the treatment

of pseudoaneurysms, aneurysmectomy or device
23]

ventricular

closure can be performed.!
requiring additional surgical procedures can be easily
closed with open-heart surgery. In our patient, the
ejection fraction was decreased due to constrictive

Pseudoaneurysms

pericarditis, and therefore, pseudoaneurysm repair
was performed on a beating heart together with
surgical pericardiectomy. Cardiac complications of
injuries, such as blunt traumas and falling from
heights, may not be noticed in the early period
and manifest in the long term. Therefore, careful
anamnesis of patients can provide some clues to the
physicians. Rare diseases should also be kept in mind
in young patients describing cardiac symptoms.

In conclusion, a detailed medical history and
physical examination are crucial in cases with an
atypical presentation and should not be overlooked.

Cardiovascular Surgery and Interventions, an open access journal

Cardiovasc Surg Int

Patient Consent for Publication: A written informed
consent was obtained from the patient.

Data Sharing Statement: The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Author Contributions: Design, writing the article and,
analysis: F.A.; Literature review and references: V.P.

Conflict of Interest: The authors declared no conflicts
of interest with respect to the authorship and/or publication
of this article.

Funding: The authors received no financial support for
the research and/or authorship of this article.

REFERENCES

1. Baccouche H, Ursulescu A, Yilmaz A, Ott G, Klingel K,
Zehender M, et al. Images in cardiovascular medicine.
Right ventricular false aneurysm after unrecognized
myocardial infarction 28 years previously. Circulation
2008;118:2111-4.

2. Toluian T, Valenti Pittino C, Bombaci F, Viani G, Oliva
G, Cellina M. A rare case of a right ventricular Pseudo-
aneurysm, related to an attempted suicide. ] Cardiol Cases
2021;25:58-60.

3. Becit N, Erkut B, Ceviz M, Unli Y, Aslan S, Diler MS, et al.
Postinfarkt sol ventrikiil anevrizmalarinin cerrahi tedavisi:
Yama ve lineer tamir tekniklerinin karsilastirilmasi. Turk
Gogus Kalp Dama 2007;15:286-90.

4. Alkhouli M, Waits B, Chaturvedi A, Ling FS. Percutaneous
closure of right ventricular pseudoaneurysm. JACC
Cardiovasc Interv 2015;8:e147-e148.

5. Alur I, Us M. Pulmonary sinus of Valsalva aneurysm: A rare
and important entity. Cardiovasc Surg Int 2018;5:24-5.

6. Walker SS, Binkley PF, Neiger D, Fulkerson PK, Bush
CA, Unverferth DV, et al. Right ventricular aneurysm:
Clinical and laboratory features. Cathet Cardiovasc Diagn
1982;8:137-43.

7. Maxwell BG, Wise-Faberowski L. Management of high-
risk reentry sternotomy in an infant for repair of a giant
pseudoaneurysm of the right ventricular outflow tract. Ann
Card Anaesth 2014;17:59-61.

8. Andersen HR, Falk E. Isolated right ventricular aneurysm
following right ventricular infarction. Cardiology
1987;74:479-82.

9. KarimiM, Farouk A, Stork ], Hennein HA. Right ventricular
aneurysm following modified Norwood-Sano operation
for hypoplastic left heart syndrome. Interact Cardiovasc
Thorac Surg 2008;7:664-6.

10. Mirowski M, Mehrizi A, Shah KD. Right ventricular
aneurysm, a complication of transventricular pulmonary
valvulotomy. Report of two cases, one associated with
gonadal agenesis. Am Heart ] 1964;68:799-803.

11. Hamaoka K, Onaka M, Tanaka T, Onouchi Z. Congenital
ventricular aneurysm and diverticulum in children. Pediatr
Cardiol 1987;8:169-75.

WWW. G-C\'Fi.()l"g



Ada and Polat. Right ventricular pseudoaneurysm

12.

13.

14.

15.

16.

17.

18.

19.

Lyons CJ, Scheiss WA, Johnson LW, Parker FB Jr. Surgical
treatment of right ventricular aneurysm: An uncommon
procedure. Ann Thorac Surg 1977;23:221-4.

Wolf DA, Burke AP, Patterson KV, Virmani R. Sudden
death following rupture of a right ventricular aneurysm
9 months after ablation therapy of the right ventricular
outflow tract. Pacing Clin Electrophysiol 2002;25:1135-7.
Nahas C, Jones JW, Lafuente J, Ramchandani M, Beall AC Jr.
Right ventricular aneurysm associated with postinfarction
ventricular septal defect. Ann Thorac Surg 1996;61:737-8.
Parro A Jr, Carlos Da Silveira L, Francischetti A, Antonio
De Almeida Gomes D, Antonio L, Ardito RV, et al.
Echocardiographic features of ventricular septal rupture
with right ventricular aneurysm after acute myocardial
infarction. Echocardiography 1996;13:303-8.

Melina G, Polidori T, Caruso D, Rucci C, Tremamunno
G, Bianchini R, et al. Post-infarction ventricular septal
rupture with a contained right ventricular pseudoaneurysm
formation. BJR Case Rep 2021;8:20210129.

Hancock EW. Differential diagnosis of restrictive
cardiomyopathy and constrictive pericarditis. Heart
2001;86:343-9.

Igbal SUR, Tipoo Sultan FA. Features on cardiac magnetic
resonance imaging and accuracy of echocardiographic
findings for diagnosing constrictive pericarditis. ] Pak Med
Assoc 2021;71:2652-5.

Finocchiaro G, Murphy D, Pavlovic A, Haddad F, Shiran
H, Sinagra G, et al. Unexplained double-chambered left
ventricle associated with contracting right ventricular
aneurysm and right atrial enlargement. Echocardiography
2014;31:E80-4.

Cardiovascular Surgery and Interventions, an open access journal

20.

21

22.

23.

24,

25.

26.

27.

28.

193

Frustaci A, Chimenti C, Natale L. Right ventricular
aneurysm associated with advanced hypertrophic
cardiomyopathy. Chest 1998;113:552-4.

Ortoleva J, Ohlrich K, Kawabori M. A rapid development
of a right ventricular aneurysm postmyocardial
infarction. ] Cardiothorac Vasc Anesth 2020;34:1377-9.
Antonelli Incalzi R, Capparella O, Gemma A, Puglielli
L, Bonetti MG, Carbonin P. Right ventricular aneurysm:
A new prognostic indicator after a first acute myocardial
infarction. Cardiology 1991;79:120-6.

Lippmann M, Wiley M, Freeman J, Abicht T, Nath J.
Percutaneous closure of a traumatic right ventricular
pseudoaneurysm: A novel interventional approach. CASE
(Phila) 2019;3:60-2.

Takino Y, Kuzirai N, Hashida M, Itoh K, Kanda H, Suzuki
T, et al. Right ventricular aneurysm due to congenital
muscular defect in an adult. Jpn Circ J 1988;52:84-8.
Tomisawa M, Onouchi Z, Goto M, Nakata K, Mizukawa K,
Kusunoki T. Right ventricular aneurysm with ventricular
premature beats. Br Heart ] 1974;36:1182-5.

Akdemir O, Giil C, Ozbay G. Right ventricular aneurysm
complicating right ventricular infarction. Acta Cardiol
2001;56:261-2.

Kataoka H, Kuroiwa N, Tabuchi H, Ohshige K, Nakamura
K, Hashimoto S. Right ventricular aneurysm due to
myocardial fatty infiltration: Report of a case. Jpn Circ J
1982;46:1353-8.

Teixeira Filho GF, Schvartzmann P, Kersten RN. Right
ventricular aneurysm following right ventricular infarction.
Heart 2004;90:472.

WWW.e-Cvsi .org



Cardiovasc Surg Int 2022;9(3):194-197

http://dx.doi.org/DOL: 10.5606/e-cvsi.2022.1376

WWW.e-cvsi.org

©2022 Turkish Society of Cardiovascular Surgery. All rights reserved.

Interventions

/ Cardiovascular
Surgery and

Case Report Open Access

Left main coronary artery osteoplasty with pulmonary autograft in

a child with familial hypercholesterolemia

Berra Ziimriit Tan-Recep @, Ali Can Hatemi

Department of Pediatric Cardiac Surgery, Bagaksehir Cam and Sakura City Hospital, Istanbul, Tiirkiye

Received: July 27,2022 Accepted: September 08, 2022 Published online: October 14, 2022

ABSTRACT

were detected during the follow-up.

Familial hypercholesterolemia is a disease characterized by mutations in the low-density lipoprotein receptor. Total cholesterol levels
>500 mg/dL and low-density lipoprotein levels >350 mg/dL are associated with early atherosclerosis. In these patients, the incidence
of coronary artery disease is high in the first decade of life, and it often emerges in adolescence. Herein, we present a 14-year-old
female with familial hypercholesterolemia who underwent left main coronary artery osteoplasty with a pulmonary autograft due to an
incidentally detected osteal stenosis of the left main coronary artery. The patient was discharged without any problems, and no problems

Keywords: Familial hypercholesterolemia, left main coronary osteal stenosis, pulmonary autograft.

Coronary artery disease in childhood is rarely
observed. Today, advances in detecting the presence
of myocardial ischemia have led to the expansion of
coronary revascularization indications in childhood.
The most common cause is Kawasaki disease and
there are few studies on other causes.”! These include
the ALCAPA (abnormal origin of the left coronary
artery from the pulmonary artery) syndrome, which
is not suitable for the reimplantation technique;
left main coronary artery (LMCA) atresia,
iatrogenic injuries and complications, and premature
atherosclerosis,
requiring coronary manipulation, such as arterial

particularly during surgeries
switch operations and Ross operations.?’ Coronary
artery disease is observed in 10% of patients with
familial hypercholesterolemia (FH), and coronary
revascularization has been reported in the literature
only as a case report.’! Here, we present a patient with
FH who underwent osteoplasty with a pulmonary
autograft due to LMCA osteal stenosis.

CASE REPORT

A 14-year-old girl was scheduled for liver
transplantation due to FH. The patient was referred
to our clinic for preoperative evaluation. On physical

examination, widespread xanthomas were observed
in the joint regions. Heartbeats were rhythmic

Cardiovascular Surgery and Interventions, an open access journal

and normal. Electrocardiography was normal, and
echocardiography demonstrated left ventricular
hypertrophy and mild aortic regurgitation. Coronary
angiography was planned for the patient, who had
a history of rapid fatigue and exertional dyspnea
and a family history of early death due to coronary
artery disease. Angiography revealed LMCA osteal
stenosis (Figures 1). The decision to operate was
made with consensus. After median sternotomy,
bicaval cardiopulmonary bypass was established in
mild hypothermia (32°C), and cardiac arrest was
achieved by del Nido cardioplegia (homemade).
Myocardial protection was performed with retrograde
cardioplegia. The ascending aorta and the pulmonary
artery trunk were separated, and the LMCA was
identified. An oblique incision was initiated on the
anterior aspect of the aorta above the commissures
and was extended across to the left lateral wall toward

the LMCA. The anterior aspect of the LMCA was
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Figure 1. Preoperative angiographic images.
LMCA: Left main coronary artery.

opened for approximately 1 cm beyond the ostial
lesion. During surgery, it was observed that the
patient’s aortic wall was extremely thick and plated.
The patch was prepared from a fresh pulmonary
artery. Left main coronary artery osteoplasty was
performed with the anterior transaortic approach using
the pulmonary autograft. The pulmonary artery defect
was reconstructed with an autologous pericardial
patch. The surgery was successfully finished. The
patient was discharged without an issue on the seventh
postoperative day, and no pathology was observed in
the follow-up angiography at six months (Figure 2).
The patient underwent a successful liver transplant
eight months postoperatively.

Figure 2. Postoperative angiographic image.
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DISCUSSION

Guidelines for surgical indications for children with
coronary artery disease have been developed in Japan.
Indications for pediatric coronary revascularization
are the same for children as for adult cases and include
ischemic signs and symptoms. Unlike adults, however,
children can be asymptomatic until the late term.
Specifically, surgery is indicated if any of the following
four conditions are present: (7)) LMCA lesions, (ii)
stenotic lesions of the multiple proximal coronary, (iii)
proximal left anterior descending artery lesion, and
(iv) collateral development.! Although our patient
was asymptomatic, surgery was performed due to the
presence of a severe proximal LMCA lesion.

Coronary artery surgery for children should be
handled differently than that for adults as it involves
some technical difficulties. These include the size of
the coronary arteries, the difficulty of exposure, and
the accessibility of the appropriate graft. Another
problem is the long-term patency of the graft as
children develop rapidly and their ability to lead a
normal life depends on it. In 1966, Cooley et al.l”!
first reported revascularization with an autologous
saphenous vein graft in a baby with an abnormal left
coronary artery. Later, with the use of the internal
mammary artery and its long-term patency and growth
potential, arterial grafts were preferred.l) The patency
of arterial grafts has been shown to be 3.5 times higher
than that of venous grafts, even in children younger
than three years old. Yatsunami et al.”? reported that
even in the majority of the neonatal population, the
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coronary artery diameter is greater than 1 mm and the
use of arterial grafts is appropriate.

The surgical technique to be applied in cases
of proximal LMCA stenosis is controversial. The
traditional surgical treatment for isolated LM CA osteal
stenosis is coronary artery bypass grafting (CABG).
Although this approach is effective, CABG can cause
competition and steal phenomena. In addition, in
cases of isolated osteal stenoses, retrograde perfusion
to a large myocardial area is provided only with the
graft.®) Mavroudis et al.! stated that the combination
of LMCA-plasty and CABG can be effective in this
patient group. However, in the follow-up of their
patients, string-sign findings were observed in the
grafts in almost half of the cases. It was reported
that only osteoplasty is sufficient for these patients.
We preferred LMCA osteoplasty instead of CABG
since our patient had a history of FH and would
need to use long-term immunosuppressants after liver
transplantation.

Although surgical osteoplasty was defined for
adult patients by Effler et al.’? and Sabiston et al.l'%
in 1965, it was not preferred due to high mortality
rates. Hitchcock et al.'yl obtained good results in
1983 with a posterior approach and Dion et al.'?
with an anterior approach in 1997. Finally, Liska et
al.l% suggested the transaortic approach, in which the
aorta is transected and anteriorly mobilized to better
visualize the coronary ostium and its distribution
and facilitate patch reconstruction. We also prefer
the transaortic approach during osteoplasty in our
clinic. It allows the lesion to be better visualized,
and it provides convenience while suturing the patch
during repair.

The biggest advantages of surgical angioplasty
in the pediatric population are that it does not
require bypass material and provides antegrade
flow. It has been used in cases of LMCA atresia,
occlusion, and inflammatory arteritis.'"4 However,
there are few studies on proximal coronary artery
patch-plasty. Prétre and Turina® reported successful
results in patients with LMCA osteal stenosis after
surgical angioplasty. Successful reconstruction of
both LMCA and RCA osteal stenosis with an
autologous pericardium prepared in a “pantaloon”
shape was also performed in another study.l"” This
technique achieved good results in some selected
cases of atherosclerotic lesions.'”) The success rate is
high for lesions in the proximal half of the isolated
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noncalcified coronary trunk. However, an increased
risk of thrombosis has been demonstrated for patients
requiring extension of osteoplasty to the LMCA
branches."¥! The use of autologous pericardium
also has risks of fibrotic thickening, contraction,
calcification, and late aneurysm formation due
to exposure to systemic pressure. Its advantages
are that it is flexible, resistant to infection, and
nonimmunogenic.'”’  Another material used in
LMCA osteoplasty is the autologous pulmonary
artery. It contains the intima, media, and adventitia
layer. Long-term results of arch constructions with
autologous pulmonary artery patches have been
reported.? However, there are no definitive results
about their use in osteoplasty in the literature. Ma et
al.PY reported positive early-and mid-term outcomes
after LMCA-plasty. Ischemia was not observed
in any of their patients. The pulmonary autograft
had advantages due to material thickness, ease of
manipulation, genetic homogeneity, and potential
for somatic growth. Moreover, there was no risk
of ectasia seen with pericardial patches. The use
of pulmonary artery patches is thought to be more
appropriate in our clinic. Pulmonary artery defects
are also reconstructed with autologous pericardium to
prevent the risk of pulmonary stenosis.

In conclusion, although patients with FH are
asymptomatic, the risk of early atherosclerosis should
not be forgotten. In cases of isolated LMCA osteal
stenoses, osteoplasty may be a good option. The use of
pulmonary autografts may be advantageous.
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ABSTRACT

Penetrating traumas to the gluteal region can occur via vascular injury, nerve injuries, or damage to the perineal organs. Vascular
injuries are usually life-threatening injuries in gluteal penetrating traumas. Therefore, the use of angiograms may be necessary for
the management of penetrating traumas to assess the bleeding focus. Herein, the case of a 24-year-old male who applied to the
emergency department with a penetrating stab wound injury to the gluteal region is presented. Digital subtraction angiography
(DSA) was performed for urgent vascular evaluation, which showed a pulsatile bleeding from the femoral left circumflex lateral
artery, whereupon the vascular surgeon proximally ligated the type 3 lateral circumflex artery. However, the control DSA taken
due to continued bleeding after the procedure revealed that the flow of the ligated lateral circumflex artery was interrupted, but
the bleeding continued in the same region with the blood supply of the collateral coming from the iliolumbar branch of the internal
iliac artery. Thereupon, a peripheral 5x60 mm balloon was inflated in the internal iliac artery, and whether the bleeding stopped
was evaluated. Afterward, the patient was taken back to surgery by the vascular surgeon, and the bleeding was stopped by collateral
ligation. In this case, we showed with a demonstrative case that vascular imaging may be required not only before but also after the
procedure in vascular injuries due to penetrating trauma and that treatment can be provided by closure of the feeding artery in both

directions in dense collateral areas.

Keywords: Angiography, imaging, penetrating trauma.

Penetrating traumas constitute up to 3% of all
injuries in the gluteal region.! The penetrating
injury to the buttock is not a common condition,
and it is present in up to 3% of all penetrating
injuries.[?®! In the systematic review, it was shown
that penetrating traumas can be associated with
severe diagnostic and clinical problems and a
mortality rate of up to 2.9%.0 Therefore, a stab
wound to the gluteal region might be considered
potentially life threatening, and every effort should
be made to locate possible injuries. In penetrating
traumas to the posterior abdomen region, the
death rate is 0 to 2%.0! In the abdomen, this rate
is between 0 and 4.4%, whereas it is 2.5 to 5.6%
in the thorax.3 The gluteal injury mortality rate
is 2.9%, which is quite high concerning the other
areas of the body.!>%

Penetrating vascular traumas may require urgent
surgical treatment, and mortality may occur despite
appropriate intervention.'¥! Gluteal region blood
supply is provided by both common femoral, deep
femoral, and internal iliac arteries.!'*! We aimed
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to report a case with a gluteal stab wound trauma
managed by a multidisciplinary team.

CASE REPORT

A 24-year-old male patient was admitted to the
emergency department with the presence of bleeding
after a penetrating injury to the gluteal region. At the
time of admission, the patient's blood pressure was
112/73 mmHg, hemoglobin value was 14 mg/dL, and
heart rate was 110 bpm. The patient was alert and
agitated, and there was a stab wound over the left
gluteal area; no additional injury was observed in the
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abdominal ultrasonography. A catheter of the urine
bladder was placed, and no macroscopic bleeding was
found. No anomaly was observed in the digital rectal
examination.

As the gluteal hemorrhage was pulsatile on
admission, computed tomography angiography (CTA)
was planned to evaluate the source of the hemorrhage,
but invasive imaging was decided since the patient
was agitated (since motion artefact might be present),
and invasive vascular imaging was also possible.
On the vascular imaging with digital subtraction
angiography (DSA), the left common femoral artery
(CFA) was visualized with a contrast injection from
the common iliac artery. On the imaging, significant
bleeding was observed from the type 3 left lateral
circumflex artery (LLCA), which branched from the
left CFA (Video 1). After DSA, a surgical approach
was planned. In the operation, the LLCA was ligated

with a surgical intervention from the left groin region.

Lateral circumflex artés

Video 1. The first digital subtraction angiography showing
bleeding from the lateral circumflex artery.

Ligated Circumflex
artery no flow

Video 2. The second digital subtraction angiography,
conducted after the first surgery, revealing bleeding from the
iliolumbar collateral and the ligation of the lateral circumflex
artery.
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In the operation, the LLCA was hard to reach directly;
therefore, it was ligated from the origin with a surgical
intervention from the left inguinal region. Due to the
persistence of the bleeding after the surgical ligation,
the patient was taken into the angiography unit again.
On the repeat angiogram we have seen that the
bleeding was not originated from LLCA, instead the
origin of the Bleeding was iliolumbar branch of the
internal iliac artery (IIA) (Video 2). To confirm this,
2 0.35 hydrophilic wire was sent to the left ITA via the
destination sheath; it was observed that the bleeding
stopped when the image was taken again by giving
a contrast material from the left common iliac artery
after a 5x60 balloon inflation. It has been confirmed
that there is no additional collateral to cause bleeding

(Video 3).

This time, collateral from the iliac branch of
the iliolumbar artery was ligated. Exploring the

.Htemal iliac
balloon inflation ==——""

No bleeding from collateral

Video 3. The third digital subtraction angiography displaying
no bleeding from the lateral circumflex artery and the
iliolumbar collateral with balloon inflation in internal iliac
artery.

Figure 1. Computed tomography angiography section
demonstrating no bleeding after the second operation.
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iliolumbar collateral artery between gluteal muscles,
the bleeding source was directly ligated with a 5-0
Prolene suture. No bleeding was observed in the CTA
taken after the second procedure (Figure 1). The
patient's postoperative course was uneventful, and the
surgeons recommended conservative management of
the symptoms.

DISCUSSION

In this case, we showed that vascular imaging
might be better not only before the procedure but also
after the procedure in areas with dense collaterals.
Endovascular intervention was not performed as there
was no coil at our hospital at the time of the patient's
admission; however, if the coil had been made from the
proximal lateral circumflex artery, it would not have
been successful due to bleeding from the iliolumbar
artery.

The gluteal area has complex anatomical
characteristics. This morphology is associated with
the likelihood of pelvic or abdominal penetration
following gluteal injury. Penetrating injuries account
for up to 90% of vascular injuries, and vascular
injuries often occur between the ages of 20 and 40.+°]
Surgical exploration and repair are carried out as fast
as feasible in individuals with “hard” symptoms of
vascular injury, such as refractive hypotension and
apparent limb ischemia. Moreover, the authors advise
that CTA should be confirmed with DSA if the
CTA is not sufficient at the time of the accident with
suspicion of heavy vascular injury.l”? At the discretion
of the surgeon, arteriography can be conducted
preoperatively.”$) Only 12 patients undergoing
interventional radiology treatment were utilized to
control bleeding or target ballot in 12 individuals
as the sole method in the systematic review.[®
Laparotomy and prolonged gluteal operation were
conducted in 207 (33.7%) subgroup patients out of
615 individuals with gunshot or stab trauma./”*®

The LCA is the biggest branch of the deep femoral
artery. It is 1.5 cm from the origin of the CFA in 67%
of the instances and is directly derived by the CFA
in 14 to 20%.") The iliac branch of the IIA travels
laterally into the iliac fossa to supply the iliac muscle
and the iliac bone. This branch also forms anastomoses
with iliac branches of the obturator artery, the deep
circumflex iliac artery, the LCA, and the superior
gluteal artery.”) In addition, the modern techniques
including angiographic imaging accompanied by
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internal balloon occlusion provided us the opportunity
to localize bleeding source. After the detection of
the bleeding source, we had an opportunity to guide
re-operation procedure and appropriate management.

In conclusion, successful initial surgical ligation
with DSA guidance may not be sufficient in the dense
collateral region, particularly in a group of patients
with vascular injury, in which there is no standard
recommendation after the surgery. Reimaging might
be necessary for detailed bleeding control after the
procedure in case of suspicion.
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