ISSN: 2320-5407

Int. J. Adv. Res. 6(9), 196-200

/ \\
/ , \  INTERNATIONAL JOURNAL OF
ADVANCED RESEARCH (IJAR)

Article DOI: 10.21474/1JAR01/7662
DOI URL.: http://dx.doi.org/10.21474/IJAR01/7662

| ijar ]

|\\ — /
N

ISSN NO. 2320-5407

Journal Homepage: - Www.journalijar.com INTERNATIONAL JOURNAL OF

ADVANCED RESEARCM clJak)

RESEARCH ARTICLE

RELATIONSHIP BETWEEN TIMP-1/MMP-9 RATIO, TYPE AND NUMBER OF BACTERIAL FOR

SUCCESSFUL PRESSURE ULCER CLOSURE.

Hardisiswo Soedjana’, Lisa Hasibuan?®, Dany Hilmanto® and Theresia Risa Davita”.
1. Head of Division of Plastic Reconstructive and Aesthetic Surgery, Department of Surgery, Padjajaran
University - Hasan Sadikin General Hospital, Bandung, Indonesia.
2. Division of Plastic Reconstructive and Aesthetic Surgery, Department of Surgery, Padjajaran University -
Hasan Sadikin General Hospital, Bandung, Indonesia.
3. Department of Paediatric, Padjajaran University - Hasan Sadikin General Hospital, Bandung, Indonesia.

Manuscript History

Received: 01 August 2018
Final Accepted: 31 August 2018
Published: 30 September 2018

Keywords:-
pressure ulcers, TIMP-1, MMP-9,
bacteria , wound closure

Corresponding Author:- Theresia Risa Davita.
Address:- Division of Plastic Reconstructive and Aesthetic Surgery, Department of Surgery,

Background: Wound closure in pressure ulcers has a low rate of
success. A tool is required to establish the right moment for wound
closure. Matrix metalloproteinase-9 (MMP-9) is the main protease
responsible for matrix degradation in chronic wounds. Its activity is
regulated by Tissue Inhibitors of Metalloproteinase-1 (TIMP-1). The
MMP-9/TIMP-1 ratio is inversely proportional to the success of wound
healing in pressure ulcers. The type and number of certain bacteria also
determine the success of wound closure. This study aims to explore the
relationship between the bacterial load as well as the TIMP-1/MMP-9
ratio to determine wound closure success in pressure ulcers.
Methods: A hospital-based nested case-control was conducted in 24
pressure ulcer patients who underwent wound closure and were
evaluated for 3 weeks. The relationship between variables was
analyzed with bivariate analysis, while its strength was assessed by the
contingency coefficient. We also performed a multivariate analysis
with logistic regression to see which variables are more dominant in
determining wound closure success.
Results: TIMP-1/MMP-9 ratio, as well as the bacterial load, was
significantly associated with successful wound closure. The cut-off
point of TIMP-1/MMP-9 ratio in the successful group is 0.72 £ 0.31
(P-value = 0.032). TIMP-1/MMP-9 ratio > 0.732 is related to the
success of wound closure. Type and number of bacteria are
significantly different between the successful and unsuccessful group
(P-value = 0.034).
Conclusion: TIMP-1/MMP-9 ratio is more dominant than the bacterial
load in determining the success of wound closure of pressure ulcers,
with OR 11.45 vs. OR 0.63 compared to type and number of bacteria
(P-value = 0.024).
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Introduction:-

Pressure ulcer is a major health problem with a high prevalence, especially among patients with immobilization.(1)
Medical record in our hospital showed an increasing number of patients with pressure ulcers, with an average length
of hospitalization of more than 3 months.(2) Complications of pressure ulcers include unhealing wound, cellulitis,
sepsis, even death.(3)

Essentially, the management of pressure ulcer comprises of nutritional support, mobilization, and wound bed
preparation. Preparing the wound bed can be done by repeated debridement to establish a healthy wound before
wound closure is performed.(3) A wound is deemed ready to be closed if it is free from necrotic tissue and covered
with healthy granulation tissue.(4)

Surgical measure is an important step in managing pressure ulcer. It includes debridement from necrotic tissue and
wound closure by skin graft or flap.(5) However, the failure rate of wound closure remains high. This failure
includes dehiscence, persistence of infection, and wound recurrence.(6-8) A diagnostic tool is required to determine
the right moment to perform wound closure so that the incidence of failure can be reduced or prevented.

In chronic wounds, MMP-9 functions as the destroyer of extracellular matrix and growth factor, which in turn cause
failure in wound healing. It also prevents cell migration and causes tissue destruction.(9,10) Its activity is regulated
by Tissue Inhibitor of Metalloproteinase 1 (TIMP-1).(11) MMP-9 / TIMP-1 ratio is inversely proportional to the
success of wound healing, as shown in diabetic ulcers.(12,13)

Another factor that interferes with wound healing process is bacterial contamination. The ability of wound to form
granulation tissue depends on the bacterial load.(14) Schneider also found that the concentration and quantity of
bacteria can be used to predict wound closure success.(15)

This study aims to explore the relationship between the type and number of bacteria as well as TIMP-1 / MMP-9
ratio and the success of pressure ulcer wound closure. This study also aims to determine the dominant factor.

Material And Method:-

This research was conducted as a hospital-based nested case control of 24 patients with pressure ulcer grade Il and
IV on their sacrum area. This study was performed in Hasan Sadikin Hospital, Bandung, Indonesia from April 2012
to February 2014.

Samples were biopsied from the granulation tissue of the ulcers from included patients. The samples were divided
into two parts, each sent to histopathology and clinical pathology department. The histopathology department
assessed TIMP-1 and MMP-9 enzyme expression through immunohistochemistry.

The clinical pathology department conducted culture, bacterial identification, and assessed the number of bacteria.
Bacterial load was classified as the following score:

no bacterial growth

bacterial growth with low virulence (non-pathogenic) <10° CFU/gram tissue

bacterial growth with low virulence (non-pathogenic) >10° CFU/gram tissue

bacterial growth with high virulence (pathogenic) <10°> CFU/gram tissue

bacterial growth with high virulence (pathogenic) >10° CFU/gram tissue

agrwnE

Wound closure was performed in a tertiary fashion. The wound was considered ready for closure if it had healthy
granulation and no necrotic tissue. The author performed wound defect by a fasciocutaneous flap. After wound
closure, the wound was assessed every week for three weeks to evaluate the success of wound closure. Wound
closure was considered successful if it was neither accompanied by the presence of pus nor wound dehiscence.

The relationship between variables was analyzed with bivariate analysis. The authors assessed the strength and
closeness of the relationship by looking at contingency coefficient. After that, we performed multivariate analysis
with logistic regression to see which variables are more dominant in relation to the success of pressure ulcer wound
closure.
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Result:-

A total of 26 patients were included in the study. Two subjects dropped out from the study. One of them was
deceased and the other refused further medical care. The ulcer closure was successful in 14 patients and failed in the
remaining 10. The characteristics of study subjects are shown in Table 1.

Table 1:-General characteristics of study subjects.

Characteristics Wound closure
Succcessful Unsuccessful

Gender

Male 9 7

Female 5 3
Underlying disease

Trauma 8 6

Malignancy 3 1

Infection 2 1

Cerebrovascular disease 1 2
Age mean 37.86 + 14,7 42.4+18.3
Nutritional status

Good 14 10

Inadequate - -

Poor - -
Total 14 10

The cutoff points of TIMP-1/MMP-9 ratio in the successful and unsuccessful group were 0.86 + 0.26 and 0.72 +
0.31 with P-value of 0.032. The successful group showed significantly greater ratio than the unsuccessful group. The
type and quantity of bacteria were significantly different between the successful and unsuccessful group, with P-
value of 0.034. TIMP-1/MMP-9 ratio was more dominant than the type and quantity of bacteria in successful wound
closure of pressure ulcers, with OR 11.45 vs 0.63 and P-value 0.024.

To set a cut off point for TIMP-1/MMP-9 ratio we used Receiver Operating Characteristic (ROC) curve. A ratio >
0.732 is related to the wound closure success in pressure ulcers, with 85.7% sensitivity and 60% specificity. This
ratio has a more dominant effect on wound closure success compared to the type and number of bacteria.

Table 2:-Immunoexpression in successful and unsuccessful group.

Immunoexpression Wound closure p C
Successful Unsuccessful (contingency
coefficient)
TIMP-1 421+1.42 3.8+1.68 0.545
MMP-9 5 5 0.367
Ratio
Mean 0.86 £ 0.26 0.72+0.31 0.032 0.61
<0.732 2 6
>0.732 12 4

Regarding the bacterial load, no significant difference was found between bacterial type or number and the success
of wound closure. However, when classified based on both bacterial type and number, the wound closure success

showed significant difference.

Table 3:-Bacterial load in successful and unsuccessful group.

Culture result Wound closure p C (contingency
Successful Unsuccessful coefficient)
Bacterial type 0.921
No growth 6 6
Nonpathogenic bacteria 7 1
Pathogenic bacteria 1 3
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Bacterial number 0.995
No growth 6 6
<10° CFU/gram tissue 3 7
>10° CFU/gram tissue 1 1
Bacterial load score 0.034 0.653
0 6 6
I 0 6
1 1 1
1l 3 1
v 0 0

To assess the relationship between TIMP-1/MMP-9 ratio as well as bacterial load and wound closure success, the
author conducted multivariate analysis with double logistic regression as seen in Table 4.

Table 4:-Logistic regression analysis on the relationship between bacterial load as well as TIMP-1/MMP-9 ratio and
wound closure success.

Variable Coefficient SE p OR
Bacterial load -0.46 0.442 0.298 0.63
TIMP-1/MMP-9 ratio 2.438 1.078 0.024 11.45
Constant -0.817
Discussion:-

Pressure ulcers are caused by continuous pressure on sites with bony prominence due to immobilization. From the
total 24 patients included in this study, trauma was the dominant cause of immobilization as it was found in 14
patients. The other causes included malignancy (both primary and metastatic) in 4 patients, vertebral infection in 3
patients, and cerebrovascular disease in 3 patients.

Chronic wounds originate from acute wounds which are stuck in the inflammatory phase. Chronic wounds are
associated with high MMP and low TIMP, resulting in a low TIMP/MMP ratio, inadequate extracellular matrix
formation, and cellular migration and proliferation failure.(16) TIMP is a physiological response to increased
protease. Bacterial load has an indirect role in the increase of TIMP. TIMP increase is more affected through growth
factor stimulus on the proliferation of TIMP-producing cells (fibroblast, endothelial cell, keratinocyte).(17)

Through debridement, the wound is expected to return to its acute phase and proceed from the prolonged
inflammatory phase. The author found similar result in this study: wounds with successful closure exhibited higher
TIMP-1 and lower MMP-9 immunoexpression. A separate examination of TIMP-1 or MMP-9 immunoexpression
did not show significant association with the success of pressure ulcer wound closure. However, the TIMP-1 /
MMP-9 cutoff ratio of 0.732 was related to the success of pressure ulcer wound closure with sensitivity of 85.7%
and specificity of 60%.

An open wound is bound to be contaminated by surrounding skin bacteria after 48 hours.(18) Bacterial
contamination is associated with the persistence of chronic wounds. Wound healing depends on the presence of
bacterial contamination, type and magnitude of bacterial burden, patients’ immune state, and the wound bed
preparation by the medical staff (debridement and wound care). Although wounds may show a healthy granulation,
contamination may still be found on the wound. Therefore, bacterial culture should be done before attempting to
close the defect.

This study showed that the examination of the type or number of bacteria individually had no significant difference
to the success of pressure ulcer wound closure. However, when categorized by both criteria, significant difference
was found.

Using double logistic regression analysis, TIMP-1/MMP-9 ratio showed a more dominant role in wound closure

success compared to bacterial load. This analysis is in line with the findings in this study, in which successful wound
closure is still found even on subjects with high bacterial burden and high virulence of the bacteria.
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TIMP-1, MMP-9, and bacterial load are expensive tests to be done, but in cases of chronic wounds where the
success of defect closure is undpredictable, these tests are relevant. This is especially true in in chronic wound
patients who had undergone repetitive surgical procedures but still suffer from refractory wound. Hence compared
to the cost of surgery and trauma experienced due to surgery, these additional tests are considered beneficial to the
patients.

Conslusion:-

TIMP-1/MMP-9 ratio as well as the type and number of bacteria significantly associated with successful wound
closure of pressure ulcers. TIMP-1/MMP-9 ratio > 0.732 is related to the successful in wound closure of pressure
ulcers. This ratio has a more dominant effect on the successful in wound closure of pressure ulcers compared with
the type and number of bacteria.
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