
BBackground: The results of recent studies regarding the efficacy of  Negative Pressure Wound  Therapy

(NPWT)  for the prevention of sternal wound infection (SWI) after adult cardiac surgery are not con-

clusive.  

Methods: Data were collected from patients who were operated upon at the GVM Care & Research group in

Italy from 2013 to 2021; all patients who required treatment for sternotomy wound infection with Negative

Pressure Wound Therapy (NPWT) through WaterLily™ system (Eurosets, Medolla, MO, Italy) were selected.

We compared the preoperative risk characteristics, and particularly those that were most strongly associated

with possible dehiscence of the wound. A statistical analysis was performed for comparison of the groups. 

Results: Out of the total 40,267 patients who underwent cardiac surgery with extracorporeal circulation

within this time frame, 1,483 (3.68%) required NPWT, including 690 (46.52%) in the HOME group and 793

(53.47%) in the HOSPITAL group (p =0.76). Thirty-nine (5.65%) patients in the HOME group and 37 (4.66%)

in the HOSPITAL group required re-treatment for re-dehiscence after secondary closure (p =0.79).

Conclusions: The use of a  WaterLily™ system (Eurosets, Medolla, MO, Italy) was safe and effective for the

treatment of sternotomy wounds with superficial and deep infections and was associated with a low rate of

dehiscence, even when used with discharged and managed outpatient patients.   
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Post-surgical wound care, especially in
cardiac surgery, remains an important
problem that is burdened by the risk of
mediastinitis and mortality.1,2 Patients
who require a cardiac surgeon have char-
acteristics that are associated with a high-
er risk of wound infection (for example,
they are often diabetic, elderly, or
frail).3,4 The use of wound care systems
that include the suction of secretions and
vacuum has significantly improved the
outcome of these patients. However,
there is often still a need for long-term
care, especially in cases that require
antibiotic therapy against resistant
germs.4
Vacuum-generation equipment has

been significantly miniaturized (Fig. 1).
One of the objectives of this miniaturiza-
tion is to minimize care in an in-hospital
environment and favor home manage-
ment.5,6

The potential advantages and risks of
wound care with a  Negative Pressure
Wound  Therapy (NPWT) system in a
home or inpatient setting are not yet
known. Furthermore, little is known of
the feasibility of this home approach in
cases where the sponge is positioned
under vacuum in a pre- or infra-
sternally.7,8 The purpose of this study was
to compare home and inpatient care
strategies in a large population of patients
undergoing therapy for sternal wound
infection with a vacuum system.9,10

Materials and Methods

Data were collected from patients
who were operated upon at the GVM
Care & Research group in Italy from
2013 to 2021, and particularly all patients
who required treatment of a sternotomy
wound infection with the WaterLily™
system (Eurosets, Medolla, MO, Italy)
(Fig. 1). Of the total 40,267 patients who

were operated upon in this time frame
for cardiac surgery with extracorporeal
circulation, 1,483 (3.68%) required this
therapy.
The indication for implantation of the

system was determined clinically and
assessed on a case-by-case basis by the
surgeon. The depth of the wound was
staged according to international guide-
lines.11 Implantation of the NPWT thera-
py system was always performed under
local anesthesia even when the sponge
was positioned infra-sternally. In the case
of sternal diastasis, the previously posi-
tioned steel points were removed and
bone curettage was performed.12
At the first placement of the sponge,

wound swab was always performed even
if the patient had already started empiric
antibiotic therapy before placement of
the vacuum system; the mean negative
pressure used in the NPWT pump was -
125 (mmHg) (Fig. 2).13
Based on the patient’s preferences, as
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Figure 1. Features of the WaterLily™ system. (Eurosets, Medolla, MO, Italy)
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well as the logistical and clinical possibili-
ty of discharging the patient at the discre-
tion of the treating physician, some of the
patients were discharged with an active
system and returned to the clinic only for
periodic changes, system malfunctions
and secondary wound closure.14,15
We compared preoperative risk fac-

tors, and particularly those that were
most strongly associated with possible
dehiscence of the wound, the infectious
disease characteristics and the primary
outcome (the duration of therapy) in
patients who received inpatient therapy
to those in patients who underwent ther-
apy as an outpatient. Cases with minimal-
ly invasive sternotomy access were
excluded. 

Statistical Analysis

Continuous data are expressed as the
mean±standard deviation or as the medi-
an with the interquartile range and cate-
gorical data are shown as percentages.
Cumulative survival was evaluated by the
Kaplan-Meier method. All reported p-
values were two-sided, and p-values of
<0.05 were considered to indicate statis-

tical significance. All statistical analyses
were performed with SPSS 22.0 (SPSS,
Inc., Chicago, IL, USA).

Results

The characteristics of the patients
treated at home (Group HOME) and

those treated at the hospital (Group
HOSPITAL) are shown in Table I. The
HOME and HOSPITAL groups consisted
of 690 (46.52%) and 793 (53.47%)
patients, respectively (p =0.76). The
number of sponge changes needed in the
HOME group before achieving secondary
closure was 3±1, while that in the HOS-
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Figure 2. Effects of the suction line, sponge and suction head. (A) Increase the local circulation. (B)
Reduce edema. (C) Stimulate the formation of granulation tissue. (D) Stimulate cell proliferation. (E)
Reduce the bacterial load.

Table I
Characteristics of the study population

Cardiac Surgery Population
(n=40,267)

All
n = 1,483

HOME group n =
690 (46.52%)

HOSPITAL group
n = 793 (53.47%)

P-value

Age (years)
Male sex

Body mass index (kg/m2)
Arterial hypertension
Diabetes mellitus

Oral antidiabetic drugs
Diet
Insulin

Hypercholesterolemia
Renal dysfunction*

Respiratory or lung disease
Previous disabling stroke

History of cancer
Atrial fibrillation

Peripheral vascular disease
CABG surgery

Bilateral internal thoracic artery use
LVEF
>50%
30–50%
<30%

Previous surgery
EuroSCORE II (%)

76 (71–80)
54.5%

23.8 (22.2–28.8)
32.2%
52%
28%
13%
11%
77.4%
1.4%
2.1%
1.5%
1.4%
9.4%
1.8%
75%
30% 

93.0%
6.3%
0.7%
2.3%

1.2 (1.1–2.8)

75 (69–78)
30.15%

25.8 (23.4–29.0)
33.3%
24%
15%
6%
5%
38.1%
2.3%
2.3%
1.5%
1.9%
8.3%
1.6%
36%
17%

92.0%
7.5%
0.5%
1.7%

1.2 (1.1–2.7)

76 (67–80)
24.35%

26.3 (21.7–28.4)
36.1%
28%
13%
7%
6%
39.3%
2.1%
1.9%
1.3%
2.5%
11.2%
1.9%
39%
13%

91.2%
7.5%
1.3%
1.9%

1.2 (1.1–2.8)

0.81
0.61
0.191
0.789
0.67
0.73
0.87
0.82
0.899
0.254
0.187
0.687
0.030
<0.001
0.556
0.81
0.97
0.347

0.211
0.87

Values are given as median (interquartile range) or percentage. LVEF, left ventricular ejection fraction. 
*Dialysis or creatinine >2 mg/dL.

STATISTICAL ANALYSIS

RESULTS
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PITAL group was 2±1 (p = 0.78). The
number of patients with a sub-sternal
wound swab was 190 (27.53%) in the
HOME group and 210 (26.48%) in the
HOSPITAL group (p =0.83). 
The most common microbiological

agents causing sternal infection in NPWT
patients were staphylococcus and epider-
midis in both groups. Antibiotics were
chosen based on the results of the wound
swab, and the susceptibility of a microor-
ganism was expressed in terms of the
minimal inhibitory concentration using
an antibiogram. Furthermore, 39
(5.65%) patients in the HOME group
required re-treatment for re-dehiscence
after secondary closure, while this value
was 37 (4.66%) in the HOSPITAL group
(p=0.79). The hospital length of stay for
patients in the HOSPITAL group was sig-
nificantly longer than that for the HOME
patients, even when every hospital access
by the latter group was considered to be
a full day of hospitalization with an
overnight stay (even for possible dysfunc-
tion of the system): HOSPITAL 25 ±2
days versus HOME 8 ±4 days (p =
0.005). None of the patients in the
HOME group were converted to the
HOSPITAL group and all of the HOME
patients were converted to the HOME
status after a first sponge exchange in the
HOSPITAL approach.
These results show that there were no

problems of discomfort or complications
related to the use of HOME NPWT
management (Table II).

Discussion

Until recently, the morbidity rate for
sternal wound dehiscence was close to
50%; however, this has improved with
recent advances including sternal fixation
techniques and various reconstructive

surgical options.16 Our study demon-
strates that home management (HOME
patients) of NPWT of superficial and
deep sternotomy wounds can represent
an organizational / curative strategy that
is capable of significantly reducing the
hospital stay without compromising the
safety or efficacy of the procedure.17 To
help prevent problems and unforeseen
events in the group with home-based
NPWT  , all of the patients were trace-
able, either directly or indirectly through
a family member or the hospital secre-
tariat. A team for inpatient home care,
consisting of a doctor and a nurse special-
ized in the management of NPWT , was
made available in case they were needed.
This organization has allowed good home
management, while building trust in the
patient being assisted.
There is currently an emphasis on

pharmaco-economy, reduction of health-
care costs, and the need for post-bed
treatment for serious pathologies. The
approach proposed here can allow us to
achieve all of these objectives together.18
Obviously, our retrospective analysis has
several limitations, including the fact that
the two groups were not randomized and
there was a possible selection bias, since
the patients in the HOSPITAL group
were probably more “at risk” and there-
fore kept in the hospital. Despite these
limitations, the important result remains
that home therapy was shown to be safe
and effective. There are doubts related to
the patient’s ability to manage the device
and the possible risk of dislocation of the
sponge, especially if it is positioned in the
infra-sternal position, but our data
showed that this approach is very safe.
This is a very interesting and important
result in view of the shift from hospital-
based to home-based medicine. The effi-
cacy and safety of the “NPWT“ treatment

system have also been recognized in cer-
tain patients at risk 19 and in the setting of
cardiac surgery,18 but our study is the first
to compare the effectiveness and safety of
the system managed by healthcare profes-
sionals in a hospital to those managed by
a healthcare staff but in an outpatient set-
ting.
The next potential step is that health-

care professionals would go to the patient
for treatment, rather than the patient
going to healthcare professionals. In other
applications of NPWT, this approach has
already been described,20 but our propos-
al is absolutely innovative in the field of
cardiac surgery. For example, the first
NPWT change could occur in the
HOME setting, rather than starting with
the second change. 
Due to its retrospective nature, our

study also does not include question-
naires on patient quality of life and satis-
faction which, especially in the patients
analyzed here, i.e., those with a serious
postoperative complication who there-
fore may have a negative attitude toward
healthcare professionals and are psycho-
logically usually anxious / depressed, are
very important for making patients feel
reassured and potentially also reducing
risks of a medico-legal nature. Anecdotal-
ly, patients in the HOME group were
more satisfied, or rather less dissatisfied,
than HOSPITAL patients, but we do not
have the data to prove this. Furthermore,
we do not have data to demonstrate that
the HOME approach is more economi-
cally advantageous than the HOSPITAL
approach. HOME patients received the
same drugs (antibiotics) as the HOSPI-
TAL patients, but were hospitalized for
many fewer days. While this should rep-
resent a significant reduction in health-
care costs, any numerical confirmation
will require additional studies.
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Table II
Results and Outcomes

HOME group
n = 690 

HOSPITAL group
n = 793 

p-value

Number of sponge changes (per patient)
Sub-sternal “deep” wound swab

Secondary closure needed re-treatment
Days of hospitalization
Days of therapy

Wound closure time (days)
Deaths (n)

3±1
190 (27.53%)
39 (5.65%)
25 ±9 
23±2
27±4
8 (1.0%)

2±1
210 (26.48%)
37(4.66%)
8 ±4
12±4
25±4
6 (0.8%)

0.78
0.83
0.79
0.005
0.023
0.85
0.82

Values represent the mean, median (interquartile range) or percentage.

DISCUSSION
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Conclusions

Potential wound complications fol-
lowing median sternotomy include
superficial or deep wound infections,
desiccation of wound margins, wound
breakdown, wound dehiscence,
osteomyelitis, mediastinitis, and expo-
sure of vital structures and major ves-
sels.  In our experience, the use of a
WaterLily™ system (Eurosets, Medol-
la, MO, Italy) for the management of
sternotomic wounds with superficial
and deep infections and the low rate
of dehiscence was safe and effective
even in discharged and managed out-
patients. This approach may signifi-
cantly reduce the hospital length of
stay of patients suffering from these
complications and is proposed as an
intermediate step for the potential
management of these wounds entirely
at the patient’s home.

Authors’ Disclosure

G Santarpino and I Condello are con-
sultants for Eurosets SPA, Medolla, Italy.
The other authors declare that there are
no conflicts of interest.

References

1. Gaudino M, Audisio K, Rahouma M, et al. Associa-
tion between sternal wound complications and 10-year
mortality following coronary artery bypass grafting. J
Thorac Cardiovasc Surg 2021. doi.org/10.1016/
j.jtcvs.2021.10.067
2. Gatti G, Ledwon M, Gazdag L, et al. Management of
closed sternal incision after bilateral internal thoracic
artery grafting with a single-use negative pressure sys-
tem. Updates Surg 2018;70:545-52. doi.org/10.1007/
s13304-018-0515-7
3. Hirahara N, Miyata H, Motomura N, et al. Proce-
dure- and hospital-level variation of deep sternal wound
infection from all-Japan registry. Ann Thorac Surg
2020;109:547-54. 
4. Dai C, Lu Z, Zhu H, Xue S, Lian, F. Bilateral internal
mammary artery grafting and risk of sternal wound infec-
tion: Evidence from observational studies. Ann Thorac
Surg 2013;95:1938-45. 
5. Schwann TA, Gaudino MF, Engelman DT, et al.
Effect of skeletonization of bilateral internal thoracic
arteries on deep sternal wound infections. Ann Thorac
Surg 2021;111:600-6. 
6. Armstrong DG, Lavery LA. Diabetic Foot Study Con-
sortium. Negative pressure wound therapy after partial
diabetic foot amputation: a multicentre, randomised con-
trolled trial. Lancet 2005;366:1704-10.
7. Stannard JP, Sheils TM, Lopez-Ben RR, et al. Incisional
negative pressure wound therapy after high-risk lower
extremity fractures. J Orthop Trauma 2012; 26:37-42.
8. Grauhan O, Navasardyan A, Hofmann M, et al. Pre-
vention of poststernotomy wound infections in obese
patients by negative pressure wound therapy. J Thorac
Cardiovasc Surg 2013;145:1387-92.
9. Grauhan O, Navasardyan A, Tutkun B, et al. Effect of
surgical incision management on wound infections in a
post-sternotomy patient population. Int Wound J
2014;11:S6-S9.
10. Atkins BZ, Wooten MK, Kistler J, et al. Does nega-
tive pressure wound therapy have a role in preventing

poststernotomy wound complications? Surg Innov
2009;16:140-6.
11. Colli A. First experience with a new negative pres-
sure incision management system on surgical incisions
after cardiac surgery in high risk patients. J Cardiothorac
Surg 2011;6:160.
12. Lee AJ, Sheppard CE, Kent WD, et al. Safety and
efficacy of prophylactic negative pressure wound therapy
following open saphenous vein harvest in cardiac surgery:
a feasibility study. Interact Cardiovasc Thorac Surg
2016;24:324-8.
13. Fowler VG Jr, O’Brien SM, Muhlbaier LH, et al.
Clinical predictors of major infections after cardiac
surgery. Circulation 2005;112:I358-I365.
14. Karra R, McDermott L, Connelly S, et al. Risk fac-
tors for 1-year mortality after postoperative mediastini-
tis. J Thorac Cardiovasc Surg 2006;132:537-43.
15. Taggart DP, Altman DG, Gray AM, et al. Random-
ized trial of bilateral versus single internal-thoracic-artery
grafts. N Engl J Med 2016;375:2540-9.
16. Cheng K, Rehman SM, Taggart DP. A review of dif-
fering techniques of mammary artery harvesting on ster-
nal perfusion: time for a randomized study? Ann Thorac
Surg 2015;100:1942-53.
17. Dorman MJ, Kurlansky PA, Traad EA, et al. Bilater-
al internal mammary artery grafting enhances survival in
diabetic patients: a 30-year follow-up of propensity
score-matched cohorts. Circulation 2012;126:2935-42.
18. Santarpino G, Gazdag L, Vogt F, Ledwon M. Ran-
domized study for mammary artery harvesting: please,
also consider wound management! Ann Thorac Surg
2016;101:2025.
19. Gatti G, Barbati G, Luzzati R, Sinagra G, Pappalardo
A. Prospective validation of a predictive scoring system
for deep sternal wound infection after routine bilateral
internal thoracic artery grafting. Interact Cardiovasc
Thorac Surg 2016;22:606-11.
20. Lindstedt S, Malmsjö M, Hansson J, Hlebowicz J,
Ingemansson R. Microvascular blood flow changes in the
small intestinal wall during conventional negative pres-
sure wound therapy and negative pressure wound thera-
py using a protective disc over the intestines in
laparostomy. Ann Surg 2012;255:171-5. 

#1658-Condello    FINAL

Cardiothoracic and Vascular Surgery
SURGICAL TECHNOLOGY INTERNATIONAL Volume 42

REFERENCES

STI

AUTHORS’ DISCLOSURES

CONCLUSION

Copyright © 2023 
Surgical Technology International™

Tel. +1 415 704 3160
Email: info@surgicaltechnology.com
Internet: www.surgicaltechnology.com

Surg Technol Int. 2023, Jan 25; 42. pii: sti42/1658


