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ABSTRACT

Objective: To evaluate if the levels of serum total protein and 
serum albumin are risk factors for surgical complications of free 
flap limb reconstruction. Methods: Consecutive inclusion of all 
patients undergoing microsurgical flaps for limb reconstruction 
of complex injuries. We recorded epidemiological and laboratory 
data, including total proteins and fractions, for descriptive and 
analytical statistics. Results: Our study analyzed one microsur-
gical flap from 35 patients that underwent complex injuries of 
the limbs. In total, 23 patients were men, and mean age of all 
patients was 35 years. After statistical analysis, no influence of 
pre or postoperative hypoalbuminemia was observed on the 
incidence of complications. Patients with hypoalbuminemia had 
a higher length of stay than those with normal albumin levels 
(p = 0.008). Conclusion: We observed that 71% of patients had 
hypoalbuminemia in early postoperative period and we suggest 
a nutritional support for patients requiring complex traumatic 
limb reconstruction. Hypoalbuminemia in patients subjected to 
microsurgical flaps for the treatment of complex traumatic limb 
injuries did not influence the complications that required surgical 
reintervention; However, it was associated with prolonged hospital 
stay. Level of Evidence II, Retrospective study.

Keywords: Free Tissue Flaps. Risk Factors. Hypoalbuminemia. 
Postoperative Complications.

RESUMO

Objetivo: Avaliar a influência dos níveis totais de proteína sérica 
e albumina como fator de risco para complicações de retalhos 
microcirúrgicos para reconstrução de membros. Métodos: Inclusão 
consecutiva de todos os pacientes submetidos a retalhos micro-
cirúrgicos para reconstrução de membros de lesões complexas. 
Foram registrados dados epidemiológicos e laboratoriais, incluindo 
proteínas e frações totais, para fins estatísticos descritivos e ana-
líticos. Resultados: 35 retalhos microcirúrgicos foram estudados 
em 35 pacientes com lesões complexas dos membros. A idade 
média dos pacientes foi de 35 anos, e 23 pacientes eram do sexo 
masculino. Após análise estatística, não foi observada influência da 
hipoalbuminemia pré ou pós-operatória na incidência de complica-
ções. Pacientes com hipoalbuminemia permaneceram mais tempo 
hospitalizados do que aqueles com níveis normais de albumina 
(p = 0,008). Conclusão: Observamos 71% dos pacientes com 
hipoalbuminemia no início do período pós-operatório e sugerimos 
fornecer suporte nutricional para pacientes que necessitam de 
reconstrução traumática complexa dos membros. A presença de 
hipoalbuminemia em pacientes submetidos a retalhos microci-
rúrgicos para o tratamento de lesões traumáticas complexas nos 
membros não influenciou a presença de complicações que exigiam 
reintervenção cirúrgica, mas foi associada ao tempo de hospitali-
zação prolongado. Nível de Evidência II, Estudo retrospectivo.

Descritores: Retalhos de Tecido Biológico. Fatores de Risco. 
Hipoalbuminemia. Complicações Pós-Operatórias.

INTRODUCTION

Acute inflammation is the main indicator of tissue infections and 
lesions, with leukocytosis and extravasation of plasma proteins from 
extravascular tissue to the site of infection or injury. Pathophysiolog-
ical responses such as pyrexia, hormone secretion inhibition, and 
muscle protein depletion are other reactions of the immune system.1 

Leukocytes and plasma proteins are recruited to the sites of infection 
and injury, in which they provide immune defense and onset tissue 
repair. Whereas the concentration of the negative acute phase 
reactants and albumin reduces, the concentration of plasma proteins 
entering the inflammatory sites increases, including complement 
proteins  and antibodies.2 The posttraumatic hypoalbuminemia is 
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questioned not to be an indication of malnutrition but as a biomarker 
for inflammatory status,3 although it is commonly associated with 
complications and malnutrition in studies for orthopedic surgeries.4

Microvascular flap reconstruction technique has evolved, reach-
ing excellent outcomes with a reduced incidence of complica-
tions.5 However, the treatment of these injuries in traumatic limb 
reconstruction still presents higher incidences of complications 
when compared with the treatment for head, neck, and breast.6  
General risk factors for flap failure are multiple or extensive trau-
ma, smoking, age, and peripheral vascular disease.7 Among the 
perioperative risk factors studied, hypoalbuminemia is a factor that 
could negatively influence the results of free flap reconstruction. 
Common causes of free flap failure include arterial and venous 
thrombosis, infection, anatomic variations, and flap dissection.8

In the medical literature, preoperative hypoalbuminemia is identified 
in poor nutritional conditions and could influence the increase in 
total flap loss.6,9 Studies into the influence of hypoalbuminemia on 
free flap outcomes have included patients that underwent oncologic 
reconstruction of the head and neck and breast, in which the 
patient can have nutritional deficit due to chronic illness, ignoring 
those subjected to limb reconstruction with microsurgical flaps. 
Our study sought to evaluate the influence of lower levels of serum 
total protein and serum albumin in preoperative and postoperative 
periods in the outcomes of free flap reconstruction of the limbs.

MATERIALS AND METHODS

This is a prospective, cross-sectional study with prede-
fined data collection, approved by the Ethics Committee  
(CAAE 42679515.2.0000.0068). We performed a consecutive inclu-
sion of all patients who underwent microsurgical flap reconstruction 
of limbs, performed at a public university hospital. Patients signed 
an informed consent form. A monitoring protocol was used with 
the patient’s epidemiological data, pathology-related data and 
dates of occurrence, as well as clinical follow-up, complication, 
and end-result data.
The epidemiological data analyzed were sex, age, body mass index 
(BMI) – in kilograms per square meter (kg/m2), in which obesity was 
defined when patients achieved a BMI greater than 30 kg/m2 – and 
the presence of comorbidities. We recorded Pre-operative and 
postoperative laboratory data for hemoglobin (Hb) in grams per 
deciliter (g/dL), the number of platelets multiplied by 103 per cubic 
milliliter (× 103/mm3), and levels of serum total protein and serum 
albumin (g/dl). The cause of the injury that led to the microsurgical 
procedure was also recorded.
Perioperative data observed were type of flap in relation to the donor 
area, type of arterial anastomosis, number of venous anastomoses, 
and ischemia time of microsurgical flap, defined as the time elapsed 
between clamping of the vessels at the donor site and releasing 
of the microvascular clamps of the artery and at least one venous 
anastomoses, obtaining free flap reperfusion.
We described and included complications following the Clavien-Din-
do classification10,11 grade III, which requires surgical intervention. 
Complications were dehiscence, partial or total flap loss, thrombosis 
with indication of revision of anastomoses, and infection.

Statistical analysis
The Statistical Package for Social Sciences (SPSS) version 20.0 
software was used for analysis with descriptive statistics and the 
univariate analysis was performed using Pearson Chi-squared 
test. Fisher’s exact test was applied when the expected frequency 
was less than five. A value of p less than 0.05 was considered 
statistically significant. For the division of values and analysis,  
we considered both the presence and absence of comorbidities 
and hemoglobin values greater than, equal to, or less than 11 g/dL,  

according to the World Health Organization12 standard anemia 
definition. Platelets were divided into values greater than, equal to, 
or less than 450 × 109/L, according to standardized thrombocytosis 
values.13 Values less than 3.4 g/dL were defined as hypoalbuminemia 
and values less than 6.6 g/dL were defined as hypoproteinemia, 
according to the tests performed in the same clinical laboratory.

RESULTS

We included 35 microsurgical flaps, one flap from each patient, for 
complex injuries of the limbs in a one year period, (September 2018  
through September 2019). The mean age of the patients was  
35 years (SD 14.11). In total, 12 patients were women and 23 were men.
Traumatic injuries accounted for 90% of cases, being motorcycle 
accident the most common cause of injury, occurring in 55% of 
the patients.
The anterolateral thigh (ALT) was the most common type of flap, 
followed by the latissimus dorsi flap (Figures 1 e 2).
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Figure 1. Type of microsurgical flap by donor area.
ALT: anterolateral thigh flap.

Figure 2. Male, 51 years, motorcycle accident with Gustilo IIIB leg open 
fracture. Patient referred for orthoplastic treatment after 1 month and 
subjected to a Latissimus Dorsi free flap for coverage.

Regarding laboratory data, the patients had a mean pre-hemoglobin 
value of 12.21 (± 2.08) g/dL. In the postoperative period, the mean 
hemoglobin value for the group was 10.65 (± 1.74) g/dL. Eleven 
patients presented anemia during the preoperative and 12 in the 
postoperative period.
Analysis of the platelet counts showed that two patients had pre-
operative thrombocytosis, with a mean value of 326.82 × 109/L 
(± 125.58 × 109).
The level of serum total protein in pre-operative period was 6.16 g/dL 
on average (± 1.05) and the mean of the level of serum albumin was 
3.72 (± 0.89). The mean level of serum total protein in postoperative 
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period was 5.43 g/dL (± 0.73) and the mean level serum albumin 
was 3.07 g/dL (± 0.56). Twelve patients had hypoalbuminemia in 
pre-operative and 25 patients in postoperative period.
Eight patients had complications, five of which required take-back 
flap due to microvascular thrombosis (total loss of four flaps). 
There was one case of total flap loss due to infection and one 
case of dehiscence of the surgical wound. The mean pre - and 
postoperative hemoglobin values for these eight patients were 12.28  
(± 1.58) g/dL and 10.73 (± 2.23) g/dL. Preoperative platelets had 
a mean value of 338.75 × 103/mm3 (± 0.92).
The statistical analysis showed no influence of pre- (p = 0.891)  
or postoperative (p = 0.984) anemia, thrombocytosis (p = 0.556), 
or hypoalbuminemia (p = 0.115) on the incidence of complications 
of the microsurgical flaps for limb reconstruction.
The mean hospital stay was of 28.60 days for the patients with 
hypoalbuminemia and 9.80 days for patients without hypoalbu-
minemia, with a p-value of 0.008 using the Mann-Whitney U test.
The microsurgical flap success rate was 86%.

DISCUSSION

In situations with great physical stress, such as long surgeries for the 
treatment of complex limb injuries, the serum albumin level decreases, 
since it is a negative acute phase reactant and the skeletal tissue 
is the source for restitution of serum albumin level. The intensity of 
this stress metabolism depends of the extension of trauma, that 
initiates an acute inflammation in minutes to hours, thus resulting in 
post-traumatic protein catabolism that can persist for around four 
months.14 A sufficient quantity of proteins is essential for wound 
healing and immune response;4,15 however, the nutritional status of 
surgical patients is still disregarded, even for oncologic patients.16

The nutritional status of surgical patients is an important factor in 
postoperative complications, including surgical site infection and 
mortality rates.4 Malnutrition is associated with prolonged hospital 
stay and complications due to surgical stress.17 However, studies on 
the influence of hypoalbuminemia on outcomes and complications 
of microsurgical flaps for traumatic limb injuries is scarce, being 
only available for microsurgical flaps for oncologic reconstructions.18

In the Hospital das Clínicas da Faculdade de Medicina, the Recon-
structive Microsurgery and Hand Surgery Group focusses on the 
treatment of complex injuries in the Orthopedic Department, which 
is a reference for trauma. Our population is composed of young 
adults with normal nutritional status. However, the extensive trauma 
causes protein depletion such as tumors, similar to the occurring in 
patients with chronic diseases. Therefore, it is important to study and 
monitor the nutritional status of these patients after hospitalization. 
The timing of treatment of complex limb injuries with microsurgical 

flaps depends on the type of trauma, associated lesions, the referral 
to the Microsurgery reconstructive Group and the patient’s clinical 
condition. In our study, 34% of the patients had hypoalbuminemia 
in pre-operative period, demonstrating that, despite being young 
adults with a mean age of 35 years, both the severity of the trauma 
and the delay in referral for definitive microsurgical treatment may 
lead to a high incidence of malnutrition. We suggest referring 
to a orthoplastic center for a multidisciplinary treatment at the 
earliest convenience to avoid protein depletion and complications,  
as recommended in the literature.19 Although serum albumin lev-
el is considered to be a long-term marker for nutrition status,6  
we observed that, after the free flap surgery for limb reconstruction, 
the percentage of patients with hypoalbuminemia raised to 71% in 
early postoperative period. Such increase on protein turnover with 
a negative whole-body protein balance20 suggests the monitoring 
of the patients and a nutritional support for those requiring limb 
reconstruction with microsurgical flaps in orthoplastic centers.
Offodile et al.18 reported an association between hypoalbuminemia 
and prolonged hospital stay in patients who underwent free flap 
treatments. In our study, the patients with hypoalbuminemia had a 
higher mean length of hospital stay than those with normal albumin 
levels (28.6 days versus 9.8 days, respectively), with statistical 
significance (p = 0.008). Therefore, hypoalbuminemia is still asso-
ciated with higher costs due to prolonged Hospital stay caused by 
healing delay and infection with clinical treatment in patients with 
traumatic injuries of the limbs, although the serum albumin level is 
no longer considered a good marker for malnutrition.2

Shum et al.6 studied patients who underwent reconstruction with mi-
crosurgical flaps of the head and neck and observed that those either 
malnourished or with low prealbumin levels had a higher incidence 
of total flap loss. A study by Wang et al.21 observed that, in radial free 
forearm flaps, low postoperative concentration of albumin was a risk 
factor for complications. In our study, hypoalbuminemia in preoperative 
or post-operative periods was not associated with higher incidence 
of complications Clavien-Dindo grade III or total flap loss, being the 
first study of microsurgical flaps for traumatic limb reconstruction not 
related with oncologic resection and flap reconstruction.
The limitation of our study is the sample size, making it impossible 
to lead to definitive conclusions. This is a preliminary study and 
requires further research with continuity of prospective data capture.

CONCLUSION

Hypoalbuminemia in patients subjected to microsurgical flaps for 
the treatment of complex traumatic limb injuries did not influence the 
occurrence of complications that required surgical reintervention; 
however, it was associated with prolonged hospital stay.
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