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ABSTRACT 
 

Introduction : Free flap surgery which is performed by transferring tissue along with its vascularization, can fail 
due to vascular compromised which cause by thrombosis formation either in vein or artery. Disruption of blood 
flow patency that not treated immediately can cause ischemia and necrosis occurred in free flap, especially within 
five days after reconstruction. Previous study has proven that free flap monitoring with lactate levels measurement 
can accurately for evaluate the occurrence vascular compromised in free flap. 
Method : This study is a descriptive observational study with cross-sectional design. It was conducted by observing 
medical record of free flap reconstruction patient from November 2022 until November 2023 at Plastic and 
Reconstructive Surgery Department of RSUP Dr. Mohammad Hoesin Palembang. Data collection was carried out 
using total sampling technique and analysed using Statistical Package for the Social Science (SPSS) version 22.0 
with univariate technique. 
Result : Free flap with vascular compromise has higher lactate levels value than viable one. Lactate levels value 
transition of viable free flap showed an increase after anastomosis and gradually decrease at the next assessment 
time, while lactate levels in free flap with vascular compromise increased to above reference value, mainly on the 
first day vascular compromise occurred. 
Conclusion: Clinical monitoring which combined with lactate levels assessment can accelerate the diagnose of 
blood flow patency disruption in free flap so that cause success rate improvement and better prognosis of free flap 
reconstruction patients. 
 
Keywords: Free flap monitoring method; Vascular compromise; Lactate 
 
Latar Belakang: Operasi free flap yang dilakukan dengan memindahkan jaringan beserta vaskularisasinya dapat 
mengalami kegagalan akibat gangguan vaskular yang disebabkan oleh pembentukan trombosis, baik pada vena 
maupun arteri. Gangguan pada patensi aliran darah yang tidak segera ditangani dapat menyebabkan iskemia dan 
nekrosis pada free flap, terutama dalam lima hari setelah rekonstruksi. Penelitian sebelumnya telah membuktikan 
bahwa pemantauan free flap dengan pengukuran kadar laktat dapat secara akurat mengevaluasi terjadinya 
gangguan vaskular pada free flap. 
Metode: Penelitian ini merupakan studi observasional deskriptif dengan desain cross-sectional. Penelitian dilakukan 
dengan mengamati rekam medis pasien rekonstruksi free flap dari November 2022 hingga November 2023 di 
Departemen Bedah Plastik dan Rekonstruksi RSUP Dr. Mohammad Hoesin Palembang. Pengumpulan data 
dilakukan dengan teknik total sampling dan dianalisis menggunakan perangkat lunak Statistical Package for the 
Social Science (SPSS) versi 22.0 dengan teknik univariat. 
Hasil: Free flap dengan gangguan vaskular memiliki nilai kadar laktat yang lebih tinggi dibandingkan dengan flap 
yang masih hidup. Perubahan nilai kadar laktat pada free flap yang masih hidup menunjukkan peningkatan setelah 
anastomosis dan secara bertahap menurun pada waktu penilaian berikutnya, sedangkan kadar laktat pada free flap 
dengan gangguan vaskular meningkat di atas nilai referensi, terutama pada hari pertama terjadinya gangguan 
vaskular. 
Kesimpulan: Pemantauan klinis yang dikombinasikan dengan penilaian kadar laktat dapat mempercepat 
diagnosis gangguan patensi aliran darah pada free flap sehingga meningkatkan tingkat keberhasilan dan prognosis 
yang lebih baik bagi pasien rekonstruksi free flap. 
 
Kata Kunci: Free flap monitoring method; Vascular compromise; Lactate 
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INTRODUCTION 

Free flap surgery is the highest level in defect 
closure reconstruction, and may compose from 
any type of tissue such as skin, muscle, and bone.1 
The aim of this surgery is to return function and 
repair anatomical structure of the defect so that 
can improve life quality of patients. Tissue 
transfer in free flap surgery is done along with its 
vascularization from one body site as a donor to 
defect in another site.2 Therefore, the success rate 
of free flap transfer depends on blood flow that 
carrying oxygen through anastomosis location 
between donor and recipient site.1 

Post-surgery failure of free flap mostly 
occurs within 24 hours after surgery due to 
thrombosis formation in blood vessels that 
supply it.1,2.3 Ischemia and necrosis occurrence 
risk maybe increase within the first five days after 
surgery if that disruption of blood flow patency 
in free flap not treated immediately.4,5 Early 
detection and immediate re-exploration of 
vascular compromised can improve success rate 
of free flap salvage surgery.3,6 

Clinical monitoring by physical examination 
is gold standard for detecting thrombosis 
formation in post-surgery free flap.2,7 This 
monitoring method usually need frequent 
assessment time, that is every hour on the first 
day and every two until four hours on second 
until third days after surgery.1,2,8 However, 
clinical monitoring very depends on experience 
of expert who assess that free flap, low objectivity 
level, and lack of standardization.1,2,6,8,9 

Free flap monitoring method should be 
objective, sensitive, accurate, non-invasive, easy 
to perform and to interpret, its assessment results 
are easy to record, sustainable, can be reused or 
reproduction, don’t harm patient or free flap, and 
don’t need expensive cost.2,10 Objective 
monitoring method can provide same results of 
assessment without depending on clinician 
experience or expertise.7 In addition, the need for 
frequent assessment may also decrease.1 

Study conducted by Henault, et al. found 
that lactate levels measurement as free flap 
monitoring method with cut-off value of 6.4 
mmol/L can assess blood flow patency 
disruption accurately which has sensitivity 98.5%  
and specificity 99.5%.11 Therefore, the diagnose of 

free flap vascularization disruption can accelerate 
by combining clinical monitoring and lactate 
levels measurement.4 

 

METHOD 

This study is descriptive observational study 
with cross-sectional design. The aim of this study 
is to know lactate value comparison in free flap 
reconstruction patients at Dr. Mohammad 
Hoesin Central General Hospital Palembang 
from November 2022 until November 2023 which 
appropriate with inclusion and exclusion criteria.  

Data collection was carried out using total 
sampling technique by observing medical record 
lactate level measurement and clinical 
monitoring results of free flap reconstruction 
patients. Data were analysed using Statistical 
Package for the Social Science (SPSS) version 22.0 
and univariate technique. Ethical approval from 
faculty of medicine Sriwijaya University ethics 
committee declared that this study has been 
granted exempt status on 27 September 2023. 

 
 

RESULTS 

The study consisted of 19 patients that 
divided into 15 patients with viable free flap, 3 
patients with venous compromise, and 1 patient 
with arterial compromise. Information about 
patient characteristics is presented in Table 1. 
Free flap reconstruction was most commonly 
performed on patients with an age range of 19-44 
years (47,4%) and male (63,2%). The majority of 
free flap reconstruction patients were diagnosed 
with benign tumour (11,1%) and malignancies 
(88,9%). Furthermore, other diagnoses in patients 
of this study include scalp defect that performed 
craniectomy due to electrical burn injury 
resulting cranium osteomyelitis, defect closure 
after colli contracture release, Parry-Romberg 
syndrome reconstruction, reconstruction of 
traumatic amputation of inferior labium oris, 
mandibular myxofibrosarcoma with colli 
contracture, defect after actinomycosis excision, 
and post craniotomy defect due to SOL 
intracranial.   

The type of free flap that most commonly 
used was anterolateral thigh free flap (ALT) 
(57,9%). Radial forearm free flap (31,6%), fibular 
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free flap (5,3%), and anteromedial free flap (5,3%) 
were used in reconstruction patients of this study. 
Free flaps with viable condition were the most 
common outcome at every assessment time. 
Furthermore, free flaps with venous compromise 
occurred more frequently than arterial 
compromise and all vascular compromise 
occurred primarily on first day after 
reconstruction. 

 

Table 1.  Patient’s characteristics 

Patient’s characteristics n % 

Age (years)   

0-5  0 0 

6-10  0 0 

11-18  3 15,8 

19-44  9 47,4 

45-59  6 31,6 

≥60  1 5,3 

Total 19 100,0 

Sex   

Female 7 36,8 

Male 12 63,2 

Total 19 100,0 

Diagnosis   

Tumour 9 47,4 

Cranium osteomyelitis 
due to electrical burn  

3 15,8 

Defect after colli 
contracture release 

1 5,3 

Parry-Romberg 
syndrome 
reconstruction 

1 5,3 

Traumatic amputation 
of inferior labium oris 

1 5,3 

Mandibular 
myxofibrosarcoma with 
colli contracture  

1 5,3 

Defect after 
actinomycosis excision 

2 10,5 

Post craniotomy defect 
due to SOL intracranial 

1 5,3 

Total 19 100,0 

Free Flaps Type   

Radial forearm free flap 6 31,6 

Fibular free flap 1 5,3 

Anterolateral thigh free 
flap 

11 57,9 

Patient’s characteristics n % 

Anteromedial thigh free 
flap 

1 5,3 

Total 19 100,0 

Outcome   

Viable 15 78,9 

Venous compromise 3 15,8 

Arterial compromise 1 5,3 

Total 19 100,0 

Note: SOL= Space Occupying Lesion 

 
Lactate levels was measured at several 

times: before ischemic time, after anastomosis, 
the first day, the third day, and the fifth day. 
Frequency distribution of lactate levels in viable 
free flaps divided based on the five measurement 
times. However, free flap with vascular 
compromise, its only divided into three 
measurement times: the first day, the third day, 
and the fifth day. 

The results of lactate levels measurement on 
the first day are shown in Table 2. Viable free 
flaps and free flaps with venous compromise had 
lactate levels averages of 2.97 mmol/L and 7.33 
mmol/L respectively. Lactate level on the first 
day couldn’t be measured in free flap with 
arterial compromise due to total occlusion in its 
vascularization. 
 
Table 2. Lactate levels of free flaps on the first day 

Lactate 
levels 
(mmol/L) 

Viable 
(n=15) 

Arterial 
compromise 
(n=1) 

Venous 
compromise 
(n=3) 

Mean 2,97 - 7,33 
Median 2,70 - 7,30 

Standard 
Deviation 

1,65 - 1,35 

Minimum 1,20 - 6,00 
Maximum 6,40 - 8,70 

 
Lactate levels measurement results on the 

third day are shown in Table 3. Viable free flaps, 
free flap with arterial compromise, and free flaps 
with venous compromise had lactate levels 
averages of 2.25 mmol/L, 5.6 mmol/L, and 5 
mmol/L, respectively. This shows that viable free 
flaps have a lower lactate average value than free 
flaps with vascular compromise. Moreover, free 
flap with arterial compromise has a higher lactate 
value compared to free flaps with venous 
compromise. 
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Table 3. Lactate levels of free flaps on the third day 

Lactate 
levels 

(mmol/L) 

Viable 
(n=15) 

Arterial 
compromise 

(n=1) 

Venous 
compromise 

(n=3) 

Mean 2,25 5,60 5,00 

Median 2,10 5,60 5,20 

Standard 
Deviation 

1,34 0,00 2,61 

Minimum 1,00 5,60 2,30 

Maximum 5,30 5,60 7,50 

 
The results of lactate levels measurement on 

the fifth day are shown in Table 4.  Viable free 
flaps, free flap with arterial compromise, and free 
flaps with venous compromise had lactate levels 
averages of 1.67 mmol/L, 3.1 mmol/L, and 6.4 
mmol/L, respectively. On the fifth day, lactate 
level average of free flap with arterial 
compromise decreased to be lower than that of 
the free flaps with venous compromise. 
 
Table 4. Lactate levels of free flaps on the fifth day 

Lactate 
levels 
(mmol/L) 

Viable 
(n=15) 

Arterial 
compromise 
(n=1) 

Venous 
compromise 
(n=3) 

Mean 1,67 3,10 6,40 

Median 1,30 3,10 6,20 

Standard 
Deviation 

0,99 0,00 0,53 

Minimum 0,60 3,10 6,00 

Maximum 4,20 3,10 7,00 

 
Lactate levels transition graph of viable free 

flaps presented in Figure 1. Lactate levels 
increased right after anastomosis. It subsequently 
decreased consistently at the following 
measurement times with more stable value.  
 

 
Figure 1. Lactate levels transition of viable free flap 

 
The free flap with venous compromise in 

case 1 has a lactate level transition graph shown 
in Figure 2. Lactate level increased from 4.2 

mmol/L to 8.7 mmol/L on the first day of 
compromise. It then decreased on the third day 
and increased again on the fifth day. This pattern 
is also observed in the free flap with venous 
compromise in case 2 (Figure 3), where lactate 
level increased from 5 mmol/L to 7.3 mmol/L on 
the first day and decreased in third day. 
Meanwhile, free flap with venous compromise in 
case 3 (Figure 4) showed lactate level increasing 
on the first to third day and decreasing on the 
fifth day. All three cases showed an increase in 
lactate levels value, especially on the first day of 
compromise. 
 

 
Figure 2. Lactate level transition in case 1 (venous 
compromise) 

 

 
Figure 3. Lactate level transition in case 2 (venous 
compromise) 

 

 
Figure 4. Lactate level transition in case 3 (venous 
compromise) 
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Lactate level transition of the free flap with 
arterial compromise in case 4 shown in Figure 5. 
On the first day, lactate level of the free flap 
couldn’t measure due to total vascular occlusion. 
However, the lactate level after anastomosis 
extremely increased from 1.2 mmol/L to 7 
mmol/L. It then decreased from 5.6 mmol/L to 
3.1 mmol/L on the fifth day. 
 

 
Figure 5. Lactate level transition in case 4 (arterial 
compromise) 

 

DISCUSSION 

This study showed that viable free flaps had 
higher lactate level than free flaps with vascular 
compromise. Furthermore, free flap with arterial 
compromise exhibited higher lactate level 
compared to those with venous compromise. 
Ideally, the lactate levels comparison for each 
outcome should be based on the measurements 
taken on the the first day of compromise, as these 
results are not influenced by immediate 
treatment given. However, lactate level of free 
flap with arterial compromise on the first day 
couldn’t be measured due to total occlusion of its 
blood vessel. Therefore, comparison of lactate 
levels in this study based on measurement results 
from the third day. 

Similar results were obtained in the study 
conducted by Henault, et al. in 2014 compared to 
this study, indicating that lactate levels in viable 
free flaps were lower than the non-viable free 
flaps with average values of 2.6 mmol/L and 11.2 
mmol/L, respectively.11 The study conducted by 
Kishi, et al. found that the average lactate level 
values of viable free flap was 2.44 mmol/L, while 
in free flap with congestion, it was 9.18 mmol/L.7 
This shows that free flaps with vascular 
compromise have a higher lactate level value 
compared to viable free flaps. The study that 
analysed lactate level values in free flaps with 
arterial and venous compromise separately 

couldn’t be found until the conduct of this study. 
David, et al. conducted experiments on the pigs 
that had undergone free flap surgery by ligating 
the blood vessels of flap, and it was found that the 
lactate levels in free flaps where one artery was 
ligated were higher than in those where two veins 
were ligated. Each group had lactate levels of 18 
mmol/L and 5.52 mmol/L, respectively.4 Free 
flaps with venous compromise has experience 
partial anaerobic metabolism because oxygen is 
still supplied to the tissue through artery, 
resulting in lower lactate levels compared to free 
flaps with arterial compromise.10 

Lactate levels transition graph of viable free 
flaps in this study exhibited an increase in values 
after anastomosis, even one patient experienced a 
drastic increase in lactate value that raising from 
1.3 mmol/L to 16.2 mmol/L. Lactate levels began 
to decreased on the first day after surgery and 
continued to decrease consistently until the last 
measurement. Lactate levels were more stable on 
the third day and the values began to decrease 
below the reference value, which was cut-off 
value based on the study conducted by Henault, 
et al.11 for diagnosing vascular compromise in 
free flaps (≥6.4 mmol/L). Free flaps undergo 
transient anaerobic metabolism during ischemic 
time until after anastomosis because the oxygen 
that carried by blood to tissue is not adequate. 
Therefore, lactate levels increased after 
anastomosis as a result of this transient anaerobic 
metabolism.7 The study conducted by Nikhar, et 
al. in 2023 indicated that no correlation could be 
found between the increase in systemic lactate 
levels and the failure of free flap surgery.12 The 
result of that study indirectly showed that 
changes in systemic lactate levels didn’t influence 
the lactate levels of free flaps. This led to a stable 
transition value of free flaps lactate levels. 

Four cases of free flaps with vascular 
compromise were found in this study. Free flaps 
in cases 1,2, and 3 experienced venous 
compromise, while the free fap in case 4 showed 
arterial compromise. Compromise began in all 
free flap cases with an increase in lactate levels, 
surpassing the reference value in the first day 
after surgery. Hypoxia occurred in free flaps with 
vascular compromise due to a decrease of blood 
supply carrying oxygen to the tissue, causing a 
shift in the free flap metabolism from aerobic to 
anaerobic.7,9,10  The change leads to an increase in 
lactate production as a result of anaerobic 
metabolism.7,10,13,14 
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CONCLUSION 

The measurement of lactate levels in free 
flaps with vascular compromise reveals higher 
values compared to viable free flaps. 
Furthermore, free flaps with venous compromise 
exhibit lower value than those with arterial 
compromise. Lactate level measurement in free 
flaps, which objective, easy to perform, doesn’t 
require frequent measurements, and has an 
inexpensive cost, is suitable for combined use 
with clinical monitoring to accelerate the 
diagnosis of vascular compromise. 
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