
Saekhu, et al.
Tigecycline did not reduce MMP-9, edema and LOS

221

MMP-9, brain edema, and length of hospital stay of patients with spontaneous 
supratentorial intracerebral hemorrhage after hematoma evacuation along with the 
administration of tigecycline

Keywords: LOS, MMP-9, SICH, Tigecycline

pISSN: 0853-1773 • eISSN: 2252-8083 • http://dx.doi.org/10.13181/mji.v25i4.1520 • Med J Indones. 2016;25:221–7
• Received 09 Aug 2016 • Accepted 25 Sep 2016

Corresponding author: Mohamad Saekhu, saekhu2010@hotmail.com

Copyright @ 2016 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 
International License (http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original author and source are properly cited.

Mohamad Saekhu,1 Nurhadi Ibrahim,2 Ina S. Timan,3 Amir S. Madjid,4 Zainal Muttaqin,5 Teguh A.S. 
Ronokusumo,6 Sudigdo Sastroasmoro,7,8 Hilman Mahyuddin1

1	 Department of Neurosurgery, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia
2	 Department of Physiology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia
3	 Department of Clinical Pathology, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia
4	 Department of Anasthesiology and Intensive care, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo 

Hospital, Jakarta, Indonesia
5	 Department of Neurosurgery, Faculty of Medicine, Universitas Diponegoro, dr. Kariadi Hospital, Semarang, Indonesia
6	 Department of Neurology, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia
7	 Clinical Epidemiology and Evidence-Based Medicine, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo 

Hospital, Jakarta, Indonesia
8	 Department of Pediatric, Faculty of Medicine, Universitas Indonesia, Cipto Mangunkusumo Hospital, Jakarta, Indonesia

 	 Cl inical  Research

Medical Journal of Indonesia

ABSTRAK

Latar belakang: Kadar matrix metalloproteinase–9 (MMP-9) 
yang tinggi diyakini merusak sawar darah otak (SDO) sehingga 
terjadi edema serebri dan menambah lama rawat inap pasien. 
Penelitian pada binatang menunjukkan tigesiklin menurunkan 
kadar MMP-9. Kemampuan tigesiklin menurunkan kadar 
MMP-9 yang berdampak pada pengurangan edema serebri 
dan lama rawat inap pasien perdarahan intraserebral spontan 
supratentorial (PISS), belum diketahui.

Metode: Randomized clinical trial (RCT) dilakukan pada 72 
pasien PISS yang menjalani evakuasi hematoma di sebelas 
rumah sakit di Jakarta; tigesillin 100 mg (n=35) atau fosfomisin 
2 g (n=37) diberikan intravena sebelum insisi kulit sebagai 
antibiotik profilaksis infeksi pascabedah. Seluruh subjek diukur 
kadar plasma darah MMP-9 sebelum pembedahan, serta pada 
hari ke-1 dan ke-7 pascabedah. Pengurangan edema serebri 
dinilai dengan membandingkan edema serebri pada computed 
tomography scan (CT scan) prabedah dengan edema serebri 
pada CT scan pascabedah. Saat pasien keluar dari rumah sakit; 
hidup atau meninggal, dicatat lama rawatnya. Data dianalisis 
dengan uji Mann-Whitney atau uji Chi square.

Hasil: Didapatkan perbedaan tidak bermakna pada proporsi 
subjek yang mengalami penurunan kadar MMP-9 pada hari 
pertama (48% vs 50%; p=0,902; OR=1,1) dan hari ke-7 (33% vs 
48%; p=0,296; OR=1,9); proporsi pengurangan edema serebri 
(68% vs 80%; p=0,58); LOS (median 12 hari vs 13 hari p=0,256; 
proporsi subjek dengan LOS ≥15 hari 40% vs 27% p=0,243; 
OR=1,81; NNT=8).

Kesimpulan: Pada pasien PISS yang dilakukan evakuasi 
hematoma, tigesiklin tidak menurunkan kadar MMP-9 dan 
derajat edema serebri, serta tidak memperpendek LOS.

ABSTRACT

Background: The high plasma level of matrix 
metalloproteinses–9 (MMP-9) is believed to disrupt the blood-
brain barrier (BBB) and cause brain edema, as well as increase 
patient’s length of hospital stay (LOS). Tigecycline showed 
ability to reduce the MMP-9 level on study in animals. This 
study aimed to evaluate whether tigecycline can reduce the 
plasma levels of MMP-9; brain edema; and LOS of patients with 
supratentorial spontaneous intracerebral hemorrhage (SSICH).

Methods: A randomized clinical trial (RCT) was conducted 
on 72 SSICH patients who underwent hematoma evacuation 
in eleven hospitals in Jakarta; 100 mg tigecycline (n=35) 
or 2 g fosfomycine (n=37) administered intravenously 
before skin incision as an prophylactic antibiotics to 
avoid post-operative infections. Plasma levels of MMP-9 
were measured in all subjects before and on the first and 
seventh day after the surgery. Reduction of brain edema 
was assessed by comparing the extent of brain edema on 
computed tomography scan (CT scan) before and CT scan 
after surgery. The length of stay (LOS) was recorded at the 
time of hospital discharge either survive or death. Data 
were analyzed using Mann-Whitney and Chi-Square test.

Results: There were non-significant statistical differences 
between two groups in the proportion of subjects with 
reduced MMP-9 levels on the first day (48% vs 50%; p=0.902; 
OR=1.1) and seventh day after the surgery (33% vs 48%; 
p=0.296; OR=1.9); proportion of the subjects with brain 
edema reduction (86% vs 80%, p=0.58); LOS (median 12 days 
vs 13 days, p=0.256; LOS ≥15 days 40% vs 27%; p=0.243; 
OR=1.81; NNT=8).

Conclusion: On SSICH patients who underwent hematoma 
evacuation, tigecycline did not either reduce MMP-9 levels 
and brain edema or shorthen LOS.
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Early mortality following spontaneous 
intracerebral hemorrhage (SICH) was related to 
transtentorial herniation due to hematoma with or 
without perihematomal brain edema mass effects.1 
Surgical evacuation of the hematoma intracerebral 
is a reasonable choice to reduce the hematoma 
volume and the mass effect, as well as potentially 
reduce the production of neurotoxic substances 
triggered by the hematoma degradation products.2 
However, surgical procedure was accompanied 
by additional injury.3,4 Neurological outcome 
after SICH remains unsatisfactory.5 One of several 
markers of brain injury either related to ICH6 
or brain surgery4 is matrix metalloproteinase-9 
(MMP-9). High level of MMP-9 is believed to 
be a predictor of hematoma growth, extent of 
brain edema and neurological deterioration.6 In 
traumatic brain injury, high levels of MMP-9 was 
to be a predictor of length of stay (LOS) and death 
in intensive care unit (ICU).7 On the other hand, 
MMP-9 inhibition is neuroprotective,8,9 as well 
as tigecycline reduce the MMP-9 level in animal 
study.10  This study aimed to confirm the changes 
of plasma level of MMP-9, brain edema, and LOS 
of pateints with supratentorial SICH (SSICH) after 
hematoma evacuation along with administration 
of single dose 100 mg tigecycline. 

METHODS

This article is the second part of a randomized 
clinical trial (RCT) to assess the effects of 
tigecycline on patients with SSICH.11 Seventy two 
patients at eleven hospitals in Jakarta - Indonesia 
who prepared for hematoma evacuation were 
randomized into either receiving 100 mg 
tigecycline or 2 g fosfomycine intravenously as 
prophylactic antibiotics. The protocol of the study 
has been approved by Health Research Ethics 
Committee, Faculty of Medicine, Universitas 
Indonesia – Cipto Mangunkusumo Hospital 
(No.493/PT02.FK/ETIK/2012).

The diagnosis of SSICH was based on clinical 
examinations and confirmed by computed 
tomography (CT) scan imaging. The indication 
for hematoma evacuation by surgery were SSICH 
patients with clinical deterioration as measured by 
GCS score less than 14 and hematoma valume ≥30 
mL. The volume of hematoma was calculated with 1/2 
(AxBxC) formula, where A is the greatest diameter 
of  hematoma on CT scan image (on centimeter); B 

is the vertical diameter (90° to A (on centimeter); 
C is the amaount of slices on CT scan image (on 
centimeter).12 The evacuation of hematoma 
performed with craniotomy or craniectomy. Sample 
size was calculated by following formula:13

n1=n2= (Zα√2PQ+Zβ√P1Q1+P2Q2)2/ (P1Q1)2 

 

n1 = n2 = (Zα√2PQ + Zβ√P1Q1 + P2Q2)2/ (P1Q1)2 

By taking P1=0.4 as the proportion of the effect of 
standar treatment, and P2=0.7 as proportion of 
the effect of tigecycline, α=0.05 and power 90%, 
a minimum os 22 subjects in each group were 
required.

Subject characteristics and outcomes were 
recorded as numeric and, or categorical data. The 
MMP-9 plasma level on postoperative day one 
and day seven changes the brain edema level on 
CT scan, and LOS at the time of hospital discharge 
were recorded as outcomes data. The MMP-9 
plasma level was measured using the enzyme-
linked immunosorbent assay (ELISA), the reagent 
produced by Boster Biological in the United States. 
According to the previous study,14 normal value of 
MMP-9 was determined at 265 ng/mL.

The brain edema level was measured with blinded 
by main researcher or author (MS) based on 
perihematoma hypodensity thickness on the CT 
scan before surgery and hypodensity thickness 
at the former hematoma area in millimeter; 
hipodensity thickness ≤5 mm was set as mild 
degree of brain edema, 6 mm to 10 mm was set as 
moderate degree, and thickness more than 10 mm 
was set as severe degree. The difference of relative 
edema on CT scan before and after surgery was 
recorded as the changes of brain edema levels.

Data from all of the subjects were included in the 
analysis. Numeric data was presented as mean value 
and data distribution while categorical data was 
presented as proportion (%). Hypothetical testing 
for numeric data was made using Mann–Whitney 
U test while categorical data were tested using Chi 
Square test. The statistical level of significance was 
set at p≤0.05. Relative clinical effectiveness was 
calculated using relative risk (RR), odds ratio (OR), 
and number needed to treat (NNT).

RESULTS

The number of samples collected during two years 
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periode of study was 35 subjects in the treatment 
group (tigecycline) and 37 subjects in the control 
group (fosfomycine), the minimum number of 
sample required for this study exceeded. 

Subject characteristics
Age mean, Glasgow coma scale (GCS), and 
hematoma volume of subjects in both groups 

Experimental group
Tigecycline Control

Subject amount (n%) 35 (49) 37 (51)
Gender

Male (n%) 19 (54) 26 (70)
Female (n%) 16 (46) 11 (30)

Age
Mean (SD) 52.8 (9.1) 51.8 (8.9)
>60 years (n%) 9 (26) 5 (14)

Poor Risk Factors
Female (n%) 16 (46) 11 (30)
Elderly (Age >60 years) 9 (26) 5 (14)
Abnormal MAP (n%) 32 (91) 29 (78)
Hypertension (n%) 32 (91) 32 (86)

GCS
Median (min–max) 9 (6–13) 9 (5–14)

Hematome Volume 
•	Before surgery

Median (min–max) mL 45 (30–90) 50 (30–90)
Volume ≥60 mL (n%) 21 (60) 22 (59)

•	After surgery
Volume ≥30 mL (n%) 1 (4) 4 (16)

Midline Shift
Median (min–max) mm 5 (0–15) 5 (0–20)
≥10 mm (n%) 7 (20) 12 (32)

Brain Edema 
Moderate degree (n%) 17 (48) 15 (40)

MMP-9 Level Before intervention
Median (min–max) ng/mL 216.2 (107.9–653.2) 250.8 (79.2–629.1)
Normal Level (n%) 19 (56) 11 (37)

Leukocyte Level
Mean (SD) /μL 14.17 (3.48) 15.48 (5.54)

Surgical Onset 
Less than 24 hour (n%) 22 (63) 27 (73)
More than 48 hour (n%) 6 (18) 6 (16)

Surgical duration
Median (min–max) minutes 160 (60–360) 160 (60–420)

Corticotomy Diameter
Median (min–max) mm 10 (5–30) 15 (3–30)

were equal. Risk factors for poor outcome such as 
elderly age (age over 60 years);14 female,15 history 
of hypertension and diabetes, and abnormal mean 
arterial pressure (MAP)17 were found greater in 
the tigecycline group. On the contrary, mid line 
shifting (MLS) of ≥10 mm, which is a sign of brain 
herniation and associated with poor outcome,18 
was greater in the fosfomycine group. 

MAP= mean arterial pressure; CGS= Glasgow coma scale; MMP-9= matrix metalloproteinase-9

Table 1. Subject characteristics
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MMP-9 plasma levels
Changes of the MMP-9 plasma levels were 
analyzed based on mean value and proportion of 
subject with decreased level. Changes of plasma 
levels of MMP-9 are  shown in table 2. 

Post-operative day 1 
Either the median of MMP-9 plasma level or 
proportion of subjects with decrease MMP-9 
plasma level was statistically non significant 
different (table 2). Instead of lowering the plasma 
levels of MMP-9, tigecycline slightly increase the 
plasma MMP-9 levels. The chance for tigecycline 
to reduce the plasma levels of MMP-9 was 0.9 
time compared to control group. 

Post-operative day 7
Similar to the result on the day 1; on the day 7, 
either median MMP-9 plasma level or proportion 
of subjects with decrease MMP-9 plasma level 
were also statistically non significant. However, 
tigecycline group showed significant increase 
of the median MMP-9 plasma level; increased 
from 216.2 before surgery to 305.0 ng/mL on 
day 7 after surgery (increased 40%) compared 
to control group ie increased from 250.8 ng/mL 
before surgery to 256.7 ng/mL (increased 2%). 
The chances of patients in tigecycline group 
to decreased plasma levels of MMP-9 was 0.5 
time compared to patients in the control group. 
Although statistically unsignificant, the increasing 
median level of plasma level of MMP-9, as well as a 

Experimental group
p RR OR

Tigecycline Control
Day 1
MMP-9

Median (min–max) ng/mL 220.6 (104.6–545.7) 253.1 (101.5–542.9) 0.395
Normal Level (n,%) 21 (68) 16 (55) 0.317 0.72 0.6
Decreased Level (n,%) 15 (48) 14 (50) 0.902 1.03 1.1

Day 7
MMP-9

Median (min – max) ng/mL 305.0 (119.0–511.2) 256.7 (96.4–915.0) 0.720
Normal Level (n,%) 10 (40) 15 (58) 0.157 1.43 2.1
Decreased Level (n,%) 8 (33) 12 (48) 0.296 1.29 1.9

Brain edema degree
Decreased (n,%) 24 (86) 20 (80) 0.58 0.7 0.68

Table 2. Changes of plasma level of MMP-9 and brain edema

MMP-9= matrix metalloproteinase-9; RR= relative risk; OR= odds ratio

less proportion of patients experienced of reduce 
plasma level of MMP-9 in the tigecycline group 
may to be an early sign that tigecycline  trigger an 
increase MMM-9 plasma level. 

Brain edema
The CT scan on the day seven could be done in 74% 
subjects ie 89% subjects in tigecycline group and 
65% subjects in control group. The mean reason 
for not to do CT scan were patients already death 
or unstable conditions. The chance of patients in 
tigecycline to reduce the brain edema levels is 1.5 
times compared to patients in the control group.

Length of hospital stay (LOS)
The chance of patients recieved tigecycline as 
prophyactic antibiotic experience LOS less than 
15 days was 0.5 time compared to patients 
in the control group. However, control group 
showed more subjects experience an early 
death. Inhospital mortality before seven days 
after surgery in this study were 13 subjects; 
one subjects from tigecycline group and twelve 
subjects from control group (Table 3).

DISCUSSION

Phenolic β-diketone compound in the chemical 
structure of tetracycline has been known as metal 
chelator.19 Tetracycline derivates; doxycycline and 
minocycline has been known to have iron chelator 
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Experimental group
p RR OR NNT

Tigecycline Control
Inhospital mortality (n,%) 6 (17) 13 (35) 0.083 0.49 0.38 5
LOS

Median (min-max) day 12 (4–46) 13 (2–30) 0.264
LOS  ≥15 days 14 (40) 10 (27) 0.243 1.48 1.81 8

Table 3. Inhospital mortality and LOS

LOS= length of stay; RR= relative risk; OR= odds ratio; NNT= number needed to treat

activity.20 Matrix metalloproteinases are zinc-
dependent endopeptidase, therefore, tetracycline 
and its derivative are believed to have an anti-
matrix metalloproteinases.21 Tigecycline is a new 
tetracycline derivate and its chemical structure 
also contains phenolic β-diketone.22 Study in 
animals showed that tigecycline reduced the MMP-
9 levels;10  however, result of the present study is 
not inline. Neither at the first nor at the seventh 
day after administration showed significant 
differences between the two groups. Inability of 
tigecycline to reduce the MMP-9 plasma levels 
in this study expected to be due to many factors 
such as different subjects, i.e. humans vs rats; 
different pathology, i.e. SICH vs staphylococcus-
infected burn wound; terms or amount of 
tigecycline administered, i.e. single dose vs 21 
times; MMP-9 measurement time, i.e. day one or 
day seven after single dose administration vs day 
one after 21 times or doses administration (at 
day twenty-second).9 MMP-9 also has twice-peak 
levels; the first peak is on the first three days after 
SICH attack and the second peak is on the seventh 
day.23 It is believed that the distinction between 
study in animals and study in humans stems from 
the aforementioned conditions.

MMP-9 is associated with disruption of BBB 
that promote brain edema.24 This study showed 
the changes of brain edema between tigecycline 
group and control group was not statistically 
significantly diffeerent. This result was in 
accordance with the non statistically significantly 
different in either median MMP-9 level or the 
proportion of subjects with decrease MMP-9 
plasma level. However, there was slightly higher 
on the proportion of subjects with decrease brain 
edema (table 2). Considering that the proportion 
of subjects with decrease MMP-9 plasma level 
was lower in tigecycline group; as well as the 
median MMP-9 level was higher in tigecycline 

group; the comparability of severity of trauma 
related surgical procedure (surgical duration 
and the diameter of corticotomy; table 1); as well 
as comparability of hematoma volume before 
surgery, the amount of hematoma that evacuated 
was expected to be a main factor of the reduction 
of brain edema. The remaining hematoma volume 
after surgery ≥30 mL on CT scan control were 16% 
in control group compared to 4 % in tigecycline 
group. Therefore, the effects of tigecycline on 
reduction of brain edema in SSICH after surgical 
evacuation of hematoma could not be concluded.

Study on traumatic brain injury patients showed 
MMP-9 plasma level in the first 48 hours after 
onset was associated with endpoint intensive 
care unit (ICU) LOS.7 Meanwhile, in-hospital 
morbidity and complications were the main 
factors affecting the LOS of ICH patients.25,26 

Considering that a longer LOS will increase 
the hospital cost, LOS could be an indicator of 
effectiveness and efficiency of a treatment choice 
as well as a hospital management.27 The present 
study showed the differences between the two 
groups; either the median of LOS or LOS more 
than 15 days, were statistically not significantly 
different. Previous study showed that early 
mortality was correlated with shorten LOS.28 
This study showed 92% subjects who died prior 
to day seven after surgery was subjects from 
control group. It may be that the more higher 
proportion of early mortality in the control group 
was be  a factor of more higher proportion of 
subjects in the tigecycline group that having LOS 
≥15 days. Overall, this study could not conclude 
the effects of tigecycline on LOS of SSICH patients 
after surgical evacuation of hematoma, whether 
shorten or extend the LOS.

Contrary to what has been reported in animal 
study, instead of reducing the plasma levels of 
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MMP-9, tigecycline increased MMP-9 plasma 
levels on day seven, with the median of 40% in 
tigecyline group, and 2 % on control group. The 
proportion of subjects with normal plasma level 
of MMP-9 on tigecycline group was decrease 
by 29%. In contrary, the control group showed 
increase proportion of subjects with normal 
level of MMP-9 by 57%. The proportion of 
subjects with increase plasma levels of MMP-9 in 
tigecycline group was higher than control group 
(67% vs 52% respectively). This trend was in 
accordance with study in human retinal pigment 
epithelial cells culture that showed minocycline; 
the prototype of tigecycline, promote the increase 
of MMP-9 levels.29 Beside having dual peak levels, 
MMP-9 also has dual roles. On the first three days 
or the first peaks, MMP-9 play a role in pathologic 
process, ie disruption of BBB. Meanwhile, on 
the second peak, MMP-9 plays role in neuronal 
recovery.23 The increase levels of MMP-9 is needed 
for healing process as well as neurogenesis by 
promoting migration of activated microglia30 and 
endogen stem cells.31,32 Endogenous neurogenesis 
was believe to be a powerful tool to repair the 
brain after SICH.33 However, this study could not 
conclude the effects of tigecycline on short-term 
clinical outcome, mainly on patient’s LOS.

There were some limitations in this study. This 
RCT involving 11 hospitas in Jakarta,  This study 
showed the median of LOS was comparable with 
the studies in US (14.9 days)34 and Germany (15 
days).26 The median of LOS in the present study 
was 12 days in tigecycline group and 13 days 
in control group. According to the formula for 
sample size, this study needs 22 subjects each 
group. During two years peiode of study, 72 
subjects was colected. Compared to the study 
in US that involves 45,159 subjects and study in 
Germany that involves 1,405 subjects, subjects 
involved on this study was only slightly. However, 
to the best of our knowledge, this is the first RCT 
of effetcs of tigecycline on MMP-9 levels as well 
as LOS of SSICH patients that surgically treated in 
Indonesia. Considering that tigecycline clinically 
effective to reduce in-hospital mortality,11 further 
study is needed to determine the effects of multiple 
adminitrations of tigecycline on clinical outcomes 
in meddle to long-term clinical outcomes.

In conclusion, the administration of single dose 
of 100 mg tigecycline for SSICH patients that 
surgically treated to evacuate the hematoma 

has not been able to significantly change MMP-9 
plasma levels, brain edema, and the LOS. However, 
the increase of MMP-9 plasma levels on the day 
seven in tigecycline group need further studies 
to explore the effects of tigecycline for better 
recovery after SICH. 
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