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PENGARUH PEMBERIAN TRANSDERMAL KARBON DIOKSIDA 
TERHADAP PERUBAHAN KADAR MALONDIALDEHYDE SEBAGAI 

PREDIKTOR ISCHEMIA REPERFUSION INJURY PADA PASIEN 
YANG MENJALANI KLEM SILANG TEMPORER AORTA 

ABDOMINALIS 
 

Hari Daswin Pagehgiri 
 
 

Penghentian aliran darah aorta dengan menerapkan klem silang temporer 
sering diterapkan sebagai kontrol perdarahan pada pasien dengan Plasenta Akreta 
saat histerektomi sesar, diklaim terjadi penurunan kehilangan darah, kebutuhan 
transfusi, dan meningkatkan visualisasi lapangan operasi. Setelah klem silang 
dibuka, jaringan distal dari oklusi yang awalnya dalam keadaan iskemia 
mendapatkan aliran darah secara tiba-tiba (reperfusi), menimbulkan iskemia 
reperfusion injury akibat pelepasan ROS. Pemberian CO2 secara transdermal 
diharapkan dapat menurunkan pelepasan ROS melalui Bohr Effect sehingga terjadi 
proteksi terhadap kejadian ischemia-reperfusion injury yang dapat dilihat dari 
kadar Malondialdehyde. Tujuan penelitian ini adalah untuk mengetahui perubahan 
kadar MDA sebagai prediktor ischemia-reperfusion injury pada pasien yang 
menjalani Klem Silang Temporer Aorta Abdominalis dan untuk mengetahui 
pengaruh pemberian transdermal CO2 terhadap kejadian ischemia-reperfusion 
injury. 

Penelitian ini menggunakan desain eksperimental dengan melakukan 
perekrutan subjek penelitian dengan total sampling pada pasien dengan Plasenta 
Akreta yang menjalani klem silang temporer aorta abdominalis saat histerektomi 
sesar pada Januari 2022 sampai Juli 2022 di RSUD Dr.Soetomo Surabaya, 
Indonesia. Subjek dibagi dalam dua kelompok yaitu kontrol dan perlakuan. 
Kelompok perlakuan diberikan pemberian transdermal CO2 segera setelah klem 
silang aorta dilepas. Setiap kelompok dilakukan pemeriksaan kadar MDA sebelum 
dan sesudah tindakan klem silang aorta abdominalis. Konsentrasi MDA diukur dari 
serum dengan metode uji thiobarbituric acid.  

Jumlah sampel pada masing-masing kelompok kontrol dan eksperimen 
adalah 7 subjek penelitian. Hasil penelitian ini didapatkan peningkatan kadar MDA 
dari 19,779+0,870 nmol/ml sebelum klem silang temporer aorta menjadi 
21,104+1,053 nmol/ml sesudah klem silang temporer aorta abdominalis dengan 
hasil rata-rata peningkatan sebesar 1,325+0,801 nmol/ml (p=0.00). Kelompok 
perlakuan yang mendapat transdermal CO2 memiliki kecenderungan peningkatan 
kadar MDA yang lebih rendah yaitu 1,063+0,803 nmol/ml dibandingkan dengan 
kelompok kontrol 1,586+0,766 nmol/ml. 

Kesimpulan penelitian ini didapatkan adanya peningkatan kadar MDA 
sebagai prediktor ischemia-reperfusion injury pada pasien yang menjalani Klem 
Silang Temporer Aorta Abdominalis. Pemberian transdermal CO2 cenderung 
menekan terjadinya ischemia-reperfusion injury dilihat dari kadar MDA pada 
pasien yang menjalani Klem Silang Temporer Aorta Abdominalis. 
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SUMMARY 
 

THE ROLE OF TRANSDERMAL CARBON DIOXIDE IN PLASMA 
MALONDIALDEHYDE LEVEL AS A PREDICTOR OF ISCHEMIA-

REPERFUSION INJURY IN PATIENT UNDERWENT TEMPORARY 
ABDOMINAL AORTIC CROSS-CLAMPING 

 
Hari Daswin Pagehgiri 

 
 

Temporary aortic cross-clamping is often applied as an adjunct procedure 
to control bleeding in patients with placenta accreta spectrum during cesarean 
hysterectomy, it is claimed to reduce blood loss, need for transfusion, and improve 
visualization of the operating field. After the cross-clamp is removed, the tissue 
distal to the occlusion, which was initially in an ischemic state, gets a sudden blood 
flow causing Ischemia-Reperfusion Injury due to the release of ROS. Transdermal 
administration of carbon dioxide is expected to reduce the release of ROS through 
the Bohr Effect to protect against ischemia-reperfusion injury which can be seen 
from the level of Malondialdehyde. The purpose of this study was to determine 
changes in MDA levels as a predictor of ischemia-reperfusion injury in patients 
undergoing Abdominal Aorta Temporary Cross Clamp and to determine the effect 
of transdermal administration of CO2 as a protective factor for ischemia reperfusion 
injury. 

This experimental study recruited all patients with placenta accreta who 
underwent temporary abdominal aortic cross-clamping during caesarean 
hysterectomy from Janurary to July 2022 at Dr.Soetomo General Academic 
Hospital Surabaya, Indonesia. Subjects were divided into control group and 
treatment group. The treatment group was given transdermal CO2 immediately after 
the aortic cross-clamp was removed. The plasma MDA levels were examined 
before and after aortic cross-clamping in each group. The MDA concentration was 
measured from the serum by the thiobarbituric acid test method. 

The number of subjects in each group was 7 subjects. There was an increase 
in MDA levels from 19.779+0.870 nmol/ml to 21.104+1.053 nmol/ml after 
temporary abdominal aortic cross-clamping in all groups with an average increase 
of 1.325+0.801 nmol/ml (p=0.00). The treatment group that received transdermal 
CO2 had a lower tendency to increase MDA levels, 1.063+0.803 nmol/ml compared 
to the control group at 1.586+0.766 nmol/ml. 

This study concluded that there was an increase in MDA levels as a 
predictor of ischemia-reperfusion injury in patients who underwent Abdominal 
Aorta Temporary Cross Clamp. Transdermal CO2 administration tends to suppress 
ischemia-reperfusion injury seen from MDA levels in patients undergoing 
Abdominal Aorta Temporary Cross Clamp. 
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ABSTRAK 
 

PENGARUH PEMBERIAN TRANSDERMAL KARBON DIOKSIDA 
TERHADAP PERUBAHAN KADAR MALONDIALDEHYDE SEBAGAI 

PREDIKTOR ISCHEMIA REPERFUSION INJURY PADA PASIEN 
YANG MENJALANI KLEM SILANG TEMPORER AORTA 

ABDOMINALIS 
 

Hari Daswin Pagehgiri 
 
 

Latar Belakang. Penghentian aliran darah aorta dengan menerapkan klem silang 
temporer sering diterapkan sebagai kontrol perdarahan pada pasien dengan Plasenta 
Akreta saat histerektomi sesar, diklaim terjadi penurunan kehilangan darah, 
kebutuhan transfusi, dan meningkatkan visualisasi lapangan operasi. Setelah klem 
silang dibuka jaringan distal dari oklusi yang awalnya dalam keadaan iskemia 
mendapatkan aliran darah secara tiba-tiba menimbulkan Iskemia-Reperfusion 
Injury akibat pelepasan ROS. Pemberian CO2 secara transdermal diharapkan dapat 
menurunkan pelepasan ROS melalui Bohr Effect sehingga terjadi proteksi terhadap 
kejadian ischemia-reperfusion injury yang dapat dilihat dari kadar 
Malondialdehyde. 
Metode. Penelitian eksperimental ini melakukan perekrutan subjek penelitian 
dengan total sampling pada pasien dengan Plasenta Akreta yang menjalani klem 
silang temporer aorta abdominalis saat histerektomi sesar pada Januari 2022 sampai 
Juli 2022. Subjek dibagi dalam dua kelompok yaitu kontrol dan perlakuan. 
Kelompok perlakuan diberikan pemberian transdermal CO2 segera setelah klem 
silang aorta dilepas. Setiap kelompok dilakukan pemeriksaan kadar MDA sebelum 
dan sesudah tindakan klem silang aorta abdominalis.  
Hasil. Jumlah sampel pada masing-masing kelompok kontrol dan eksperimen 
adalah 7 subjek penelitian. Terjadi peningkatan kadar MDA dari 
19,779+0,870nmol/ml sebelum menjadi 21,104+1,053nmol/ml sesudah klem 
silang temporer aorta abdominalis dengan hasil rata-rata peningkatan sebesar 
1,325+0,801nmol/ml (p=0.00). Kelompok perlakuan yang mendapat transdermal 
CO2 memiliki kecenderungan peningkatan kadar MDA yang lebih rendah yaitu 
1,063+0,803nmol/ml dibandingkan dengan kelompok kontrol 
1,586+0,766nmol/ml. 
Kesimpulan. Terjadi peningkatan kadar MDA sebagai prediktor ischemia-
reperfusion injury pada pasien yang menjalani Klem Silang Temporer Aorta 
Abdominalis. Pemberian transdermal CO2 cenderung menekan terjadinya 
ischemia-reperfusion injury dilihat dari kadar MDA. 
Kata Kunci. Plasenta akreta, klem silang temporer aorta abdominalis, 
malondialdehyde, transdermal karbondioksida 
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ABSTRACT 
 

THE ROLE OF TRANSDERMAL CARBON DIOXIDE IN PLASMA 
MALONDIALDEHYDE LEVEL AS A PREDICTOR OF ISCHEMIA-

REPERFUSION INJURY IN PATIENT UNDERWENT TEMPORARY 
ABDOMINAL AORTIC CROSS-CLAMPING 

 
Hari Daswin Pagehgiri 

 
 

Background. Temporary abdominal aortic cross-clamping is often applied as an 
adjunct procedure to control bleeding in patients with placenta accreta spectrum 
during cesarean hysterectomy, it is claimed to reduce blood loss, need for 
transfusion, and improve visualization of the operating field. After the cross-clamp 
is removed, the tissue distal to the occlusion, which was initially in an ischemic 
state, gets a sudden blood flow causing ischemia-reperfusion injury due to the 
release of ROS. Transdermal administration of carbon dioxide is expected to reduce 
the release of ROS through the Bohr Effect to protect against ischemia-reperfusion 
injury which can be seen from the level of Malondialdehyde. 
Method. This experimental study recruited all patients with placenta accreta 
spectrum who underwent temporary abdominal aortic cross-clamping during 
cesarean hysterectomy from January to July 2022. Subjects were divided into 
control group and treatment group. The treatment group was given transdermal CO2 
immediately after the aortic cross-clamp was removed. The plasma MDA levels 
were examined before and after aortic cross-clamping. 
Results. The number of subjects in each group was 7 subjects. There was an 
increase in MDA levels from 19.779+0.870nmol/ml to 21.104+1.053nmol/ml after 
cross-clamp in all groups with an average increase of 1.325+0.801nmol/ml 
(p=0.00). The treatment group that received transdermal CO2 had a lower tendency 
to increase MDA levels, 1.063+0.803nmol/ml compared to the control group at 
1.586+0.766nmol/ml. 
Conclusion. There was an increase in MDA levels as a predictor of ischemia-
reperfusion injury in patients undergoing temporary abdominal aortic cross-
clamping. The administration of transdermal CO2 tends to suppress ischemia-
reperfusion injury. 

Keywords. Placenta accreta spectrum, temporary abdominal aortic cross-clamping, 
malondialdehyde, transdermal carbon dioxide 
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