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ABSTRACT

Background: Burn injury can induce renal and cardiovascular complications and even mortality. The 

neutrophil/lymphocyte ratio (NLR) is an indicator of systemic inflammation, and the prognostic 

nutritional index (PNI) is related to perioperative nutritional status. Also, the De Ritis ratio, defined as 

aspartate aminotransferase-to-alanine aminotransferase ratio, can be used to predict the mortality of 

various cancers. However, little is known about the predictive ability of NLR, PNI, and De Ritis ratio 

for poor postoperative outcomes in patients with burn injury. Therefore, in the following three parts, the 

author elucidates the evaluation of risk factors for poor postoperative outcomes such as occurrence of 

acute kidney injury (AKI), major adverse cardiac events (MACE), and mortality in patients who 

underwent burn surgery.

PART 1 

Objective: The author evaluated the risk factors for postoperative occurrence of AKI in patients with 

burn injury.

Methods: Data on preoperative, intraoperative, and postoperative variables of patients with burn injury 

were collected. Risk factors for occurrence of AKI after burn surgery were evaluated using univariate 

and multivariate logistic regression analyses. A receiver operating characteristic (ROC) curve analysis 

of the preoperative NLR was performed. After surgery, the 3-month mortality rate was also compared 

between the AKI and non-AKI groups using the Kaplan-Meier method with a log-rank test.

Results: Postoperative AKI occurred in 71 out of 473 (15.0%) patients with burn injury. Preoperative 

NLR (odds ratio [OR] = 1.094; 95% confidence interval [CI] = 1.064–1.125; P <0.001), total body 

surface area (TBSA) burned (OR = 1.013; 95% CI = 1.001–1.026; P = 0.037), and inhalation injury 

(OR = 1.821; 95% CI = 1.008–3.292; P = 0.047) were risk factors for occurrence of AKI after surgery. 

The area under the ROC curve of preoperative NLR was 0.767, with an optimal cut-off value of 11.7. 

Moreover, the 3-month mortality after surgery was significantly higher in the AKI group than in the 

non-AKI group (49.3% vs. 14.9%, P <0.001).

Conclusion: Preoperative NLR was a risk factor for occurrence of AKI after burn surgery, which is 
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associated with early postoperative mortality. Preoperative NLR can provide useful information for the 

early detection of postoperative AKI and prevent subsequent mortality in patients with burn injury.

PART 2

Objective: The author evaluated the impact of preoperative PNI on the incidence of MACE after burn 

surgery.

Methods: The study included patients who were admitted to the burn intensive care unit before 

undergoing burn surgery. PNI was calculated as 10 × serum albumin level (g/dL) + 0.005 × total 

lymphocyte count (per mm3). A multivariate logistic regression analysis was performed to evaluate the 

risk factors for occurrence of MACE six months after burn surgery. An ROC curve analysis of PNI was 

performed, and a propensity score-matched analysis was performed to evaluate the impact of PNI on 

MACE. A Kaplan-Meier analysis was performed to compare postoperative 1-year mortality between 

the MACE and non-MACE groups.

Results: MACE after burn surgery occurred in 184 (17.5%) out of 1049 patients. Preoperative PNI, age, 

American Society of Anesthesiologists (ASA) physical status, and TBSA burned were significantly 

associated with occurrence of MACE. The area under the ROC curve of preoperative PNI was 0.729 

(optimal cut-off value = 35). After propensity score matching, the incidence of MACE in the PNI <35 

group was significantly higher than that in the PNI ≥35 group (20.1% vs. 9.6%, P <0.001), and PNI <35 

was associated with an increased incidence of MACE (OR = 2.373, 95% CI = 1.499–3.757, P <0.001). 

The postoperative 1-year mortality was significantly higher in the MACE group than in the non-MACE 

group (54.9% vs. 9.1%, P <0.001).

Conclusion: Preoperative PNI was a risk factor for the incidence of MACE after burn surgery. PNI <35 

was significantly associated with an increased incidence of MACE. In addition, MACE was associated 

with a high postoperative 1-year mortality.

PART 3

Objective: The author evaluated risk factors, including the De Ritis ratio, associated with 1-year 
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mortality after burn surgery. 

Methods: Patients who underwent burn surgery from 2009 to 2019 were retrospectively evaluated. The 

De Ritis ratio was defined as aspartate aminotransferase-to-alanine aminotransferase ratio. Multivariate 

Cox regression analysis was conducted to evaluate the risk factors for 1-year mortality after burn surgery. 

Receiver operating characteristic (ROC) curve analysis of the De Ritis ratio was performed to predict 

postoperative 1-year mortality. Kaplan–Meier survival analysis was also conducted. Other 

postoperative outcomes, such as durations of hospital and intensive care unit stays, AKI, and MACE, 

were evaluated.

Results: One-year mortality after burn surgery occurred in 247 (19.9%) of 1244 patients. The risk 

factors for 1-year mortality after burn surgery were the De Ritis ratio, age, American Society of 

Anesthesiologists physical status, diabetes mellitus, total body surface area burned, inhalation injury, 

serum creatinine level, and serum albumin level. The area under the ROC curve for the De Ritis ratio 

was 0.716 (optimal cutoff = 1.9). The 1-year mortality rate after burn surgery was significantly higher 

in patients with a De Ritis ratio >1.9 than in those with a De Ritis ratio ≤1.9 (35.8% vs. 11.8%, P <0.001).

The survival rate was significantly higher in patients with a De Ritis ratio ≤1.9 than in those with a De 

Ritis ratio >1.9 (log-rank test, P <0.001). Intensive care unit stay, acute kidney injury, and major adverse 

cardiac events were significantly higher in patients with a De Ritis ratio >1.9 than in those with a De 

Ritis ratio ≤1.9 (P = 0.006, P <0.001, and P <0.001, respectively).

Conclusion: The preoperative De Ritis ratio was a risk factor for 1-year mortality after burn surgery. 

The De Ritis ratio >1.9 was significantly associated with an increased 1-year mortality after burn 

surgery. These findings emphasized the importance of identifying burn patients with an increased De 

Ritis ratio to reduce the mortality after burn surgery. 
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INTRODUCTION

Burn injury can induce specific pathophysiologic conditions such as systemic inflammation, poor 

nutrition, increased capillary permeability, massive fluid loss, significant hypovolemia, persistent 

hypermetabolism, and decreased organ perfusion, which can lead to renal or cardiovascular 

complications such as acute kidney injury (AKI) or major adverse cardiac events (MACE) after burn 

surgery.1-8 These burn-related renal and cardiovascular complications are closely associated with poor 

perioperative outcomes, including mortality.3,9-12 Therefore, meticulous evaluation of independent risk 

factors for postoperative occurrence of AKI, MACE, and mortality is important to minimize poor 

perioperative outcomes in critically ill patients with burn injury. 

The neutrophil-lymphocyte ratio (NLR) is easily calculated from complete blood count in

baseline laboratory tests and is known to be a useful indicator of the systemic inflammatory 

response.13,14 The NLR is an independent risk factor for predicting AKI in sepsis, which induces

systemic inflammation.13 The prognostic nutritional index (PNI) is simply calculated using albumin 

level, which can reflect the nutritional and inflammatory status,15,16 and the lymphocyte level, which 

can reflect the immune response.17,18 Furthermore, the PNI is used to predict occurrence of postoperative 

complications and outcomes.19-21 In addition, the De Ritis ratio, defined as the ratio of the serum 

aspartate aminotransferase (AST) level to the serum alanine aminotransferase (ALT) level, can be 

simply assessed from a preoperative laboratory workup. The De Ritis ratio can predict the prognosis of 

liver disease and the mortality of urothelial and pancreatic cancers.22-24 However, no studies have 

evaluated the predictive ability of simple biomarkers, such as NLR, PNI, and De Ritis ratio, for poor 

postoperative outcomes in patients with burn injury.

In this doctoral thesis, the author aimed to evaluate risk factors for several postoperative 

complications in burn surgery. First, the author evaluated risk factors, including preoperative NLR, for

occurrence of AKI after burn surgery in Part 1. Second, the author evaluated risk factors, including 

preoperative PNI, for incidence of MACE after burn surgery in Part 2. Third, the author evaluated risk 

factors, including the De Ritis ratio, associated with 1-year mortality after burn surgery in Part 3.
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PART 1

Acute kidney injury after burn surgery: preoperative 

neutrophil/lymphocyte ratio as a predictive factor

This part was published in Acta Anaesthesiologica Scandinavica.25
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1.1. INTRODUCTION

An understanding of the pathophysiology of burn injury is imperative for managing patients with burn 

injury as these patients experience massive fluid loss and inflammation. Especially, in the early stage 

of injury, the systemic inflammatory response in the burn results in a rapid fluid shift to the interstitial 

space. This volume shift results in hypovolemia, which may lead to AKI.1 By contrast, excessive volume 

resuscitation during the acute burn phase gradually causes intra-abdominal hypertension and abdominal 

compartment syndrome in some patients, which may contribute to AKI after burn shock.26,27 The 

incidence of AKI in major burn patients ranges between 15% and 40%, owing to the varying definitions 

of AKI.28,29 AKI development consequently results in mortality.30 Therefore, prevention and early 

detection of postoperative AKI after a burn surgery is the key to improve the perioperative outcomes in 

burn-injured patients, although AKI can be treated by renal replacement therapy.31

The NLR, calculated from the absolute neutrophil and lymphocyte counts of the complete blood 

count, is a simple and inexpensive marker of the systemic inflammatory response. In addition, NLR has 

been evaluated as an independent risk factor of sepsis, with an impact on inflammation.13 Inflammation 

in patients with burn injury is the main pathophysiology that causes morbidity and mortality.32

Nonetheless, the association between NLR and postoperative AKI in patients with burn injury remains 

to be studied.

Therefore, we sought to evaluate the incidence of and risk factors for postoperative AKI after a 

burn surgery. In this study, we focused on preoperative NLR as a risk factor for burn surgery-related 

AKI. We also evaluated the impact of postoperative AKI on mortality in patients with burn injury.
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1.2 METHODS

Patients

In this retrospective study, we reviewed patients with burn injury admitted to the burn intensive care 

unit (ICU) for surgery at the Burn Center, Hangang Sacred Heart Hospital, Hallym University, Seoul, 

Korea from July 2014 to November 2017. The ethical approval for this study (No. 2017-055) was 

provided by the Institutional Review Board of the Ethical Committee of Hangang Sacred Heart Hospital. 

The study was conducted as a priori. Inclusion criteria were patients with a diagnosis of burns (from 

flame, scalding, electric, contact, spark, chemical or steam burn), including second- or third-degree burn 

with or without inhalation injury. The exclusion criteria were patients aged <18 years, those with known 

chronic kidney disease or those with incomplete perioperative laboratory data. For patients who 

underwent several burn surgeries, data from the first burn surgery were considered. Computerized 

databases were reviewed to collect the demographic and clinical data of the study patients (Tables 1.1

and 1.2).

Anesthetic and surgical techniques33

General anesthesia was induced with 1.5–2 mg/kg propofol. Rocuronium (0.6–0.8 mg/kg) was injected 

to facilitate tracheal intubation. Anesthesia was maintained with 2–3 vol% sevoflurane or 6–8 vol% 

desflurane with 50% O2/N2O mixture. Mechanical ventilation was provided with a tidal volume of 8–

10 mL/kg of the ideal body weight and a respiratory rate of 10–14 cycles/min to maintain the end-tidal 

carbon dioxide tension at 30-35 cmH2O during the burn surgery. Fluid administration was controlled 

according to our institutional protocol based on the mean arterial blood pressure, heart rate, urine output 

and blood loss; especially, crystalloid was administered at a rate of 6–10 mL/kg/h, and colloid was 

administered when the estimated blood loss of >500 mL occurred during the burn surgery. Lactated 

Ringer’s solution or Plasma solution A (CJ Pharmaceutical, Seoul, Korea) was used as the crystalloid, 

and Volulyte (Fresenius Kabi, Bad Homburg, Germany) was used as the synthetic colloid during the 

burn surgery. Packed red blood cells (RBC) were transfused at a hemoglobin concentration of <8

g/dL.34,35 The mean arterial blood pressure was maintained at >65 mmHg. At the mean arterial blood 
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pressure of <65 mmHg, additional fluids or vasoactive drugs, such as ephedrine, phenylephrine, and 

norepinephrine, were administered. 

Surgical planning was performed once the patient was resuscitated and the patient’s circulatory 

parameters were restored to acceptable ranges.36 Burn surgeries include fasciotomy, cadaveric skin graft 

and split-thickness skin graft. For a skin graft surgery, split-thickness skin was harvested from the donor 

site. Depending on the burn depth, the necrotic burn area was excised to a viable depth. Essentially, 

deep second or full-thickness burn eventually requires a skin graft, which is a temporary cadaveric skin 

graft or a permanent autograft, depending on the burn size and depth.37 Cephalosporins were 

administered as perioperative antibiotics in all study patients.

Data collection

The patients’ characteristics, laboratory data, and intraoperative variables were collected through the 

electronic medical records system of our institution. Patient characteristics included age, gender, body 

mass index (BMI), comorbidities (diabetes mellitus and hypertension), American Society of 

Anesthesiologists (ASA) physical status, total body surface area (TBSA) burned, burn type (by flame, 

electric, scalding, contact or other burns) and presence of inhalation injury. BMI was categorized as ≤ 

or >25 kg/m2 for all patients. Second- and third-degree burn injuries were considered for assessing the 

TBSA burned. The inhalation injury was diagnosed by bronchoscopic findings, which were classified 

as normal, mild, moderate or severe. Abnormal bronchoscopic findings were considered to indicate 

inhalation injury. The collected preoperative laboratory data included data on NLR, hemoglobin level, 

platelet counts, prothrombin time and the levels of uric acid, albumin, creatinine and proteinuria. 

Proteinuria was diagnosed when at least 1+ protein (>75 mg/dL) was detected in the urine dipstick test. 

The preoperative laboratory data were measured in the early morning on the day of surgery or on the 

day before surgery. Intraoperative variables included the duration of anesthesia and surgery, the amount 

of crystalloid administered, the amount of colloid administered, RBC transfusion and intraoperative 

hypotensive episodes. The amount of crystalloid administration was evaluated in milliliters per 

kilogram body weight of the patient, and the amount of colloid administration was categorized as ≤ or 
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>10 mL/kg. Intraoperative hypotension was defined as the mean arterial blood pressure of <65 mmHg 

for >5 min, according to the intraoperative anesthesia records. 

Primary and secondary outcomes

The primary outcome was the identification of risk factors for postoperative AKI after burn surgery. 

According to the Kidney Disease: Improving Global Outcomes (KDIGO) criteria, AKI was defined as 

an increase in the serum creatinine level by ≥0.3 mg/dL within 48 h postoperatively or an increase in 

the serum creatinine level to ≥1.5-times the baseline value within 7 days postoperatively.38 The 

creatinine levels were measured daily for 7 consecutive postoperative days. The urine output criterion 

of KDIGO was not used because of inconsistency in the urine output measurement. The secondary 

outcome was the comparison of 3-month mortality after the burn surgery between the non-AKI group 

(patients who did not develop AKI after burn surgery) and the AKI group (patients who developed AKI 

after burn surgery). In addition, infection within 7 postoperative days and the length of hospital stay 

were compared between the two groups.

Statistical analysis

According to a previous study, the rule-of-thumb can be applied, wherein 10 outcome events per 

variable are needed for performing logistic regression analysis.39 The incidence of AKI in major burn 

patients ranges between 15% and 40%, owing to the varying definitions of AKI.28 While designing the 

study, we expected to evaluate 5–6 variables by multiple logistic regression analysis. Because at least 

15% incidence of AKI is considered in burn-injured patients, we calculated that a minimum of 400 

subjects are needed to satisfy the rule-of-thumb, wherein a minimum of 60 subjects are expected to 

develop AKI.

Continuous variables were expressed as mean ± standard deviation. These variables were 

compared between the non-AKI and AKI groups using Student’s t-test or the Mann–Whitney U test, as 

appropriate. Categorical variables were expressed as number (percentage). These variables were 

compared between the two groups using chi-square test or Fisher’s exact test, as appropriate. Univariate 
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and multivariate logistic regression analyses were used to identify the risk factors for postoperative AKI 

after the burn surgery. The identified factors with a P <0.05 in univariate logistic regression analysis 

were included in the multivariate logistic regression analysis. The ability of preoperative NLR to predict 

AKI after the burn surgery was determined by calculating the area under the receiver operating 

characteristic (ROC) curve. The area under the ROC curve was calculated by the trapezoid rule. The 

value with the highest sensitivity and specificity was set as the optimal cut-off value. Kaplan–Meier 

survival analysis with a log-rank test was performed to compare the 3-month survival after the burn 

surgery between the non-AKI and AKI groups. Two-sided P values of <0.05 were considered to be 

statistically significant. All statistical analyses were performed with SPSS for Windows (version 24.0; 

IBM-SPSS Inc., Armonk, NY, USA).
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1.3 RESULTS

A total of 581 patients were considered for the study, 108 of whom were excluded, including 55 patients 

with incomplete data on preoperative proteinuria or creatinine levels within 7 consecutive postoperative 

days. These patients were excluded before evaluating the total data. Eventually, 473 patients were 

included in the present study (Figure 1.1). The overall incidence of postoperative AKI after the burn 

surgery was 15.0% (71/473 patients). Among the 71 patients, 40 were in stage 1, three in stage 2 and 

28 in stage 3, based on the KDIGO criteria. In addition, 25 of the 71 patients with AKI underwent 

continuous renal replacement therapy (CRRT). Moreover, of the 71 patients, five were diagnosed by 

the first criterion (increase in the serum creatinine level by ≥0.3 mg/dL within 48 h), 45 by the second 

criterion (increase in the serum creatinine level to ≥1.5-times the baseline value within 7 days) and 21 

by both conditions. 

Table 1.1 depicts the patient characteristics and laboratory data, including data on %TBSA burned, 

inhalation injury, NLR and prothrombin time, were significantly different between the non-AKI and 

AKI groups. For intraoperative variables, the amount of crystalloid and colloid administered was 

significantly different between the groups (Table 1.2). No significant difference was noted in the 

intraoperative hypotension values between the non-AKI and AKI groups (24.9% vs. 21.1%, P = 0.551). 

Univariate logistic regression analysis revealed that NLR, %TBSA burned, inhalation injury, 

prothrombin time, the amount of crystalloid administered, and the amount of colloid administered were 

associated with postoperative AKI after the burn surgery. Multivariate logistic regression analysis 

revealed that NLR (odds ratio (OR) = 1.094; 95% confidence interval (CI) = 1.064–1.125; P <0.001), 

TBSA burned (OR = 1.013; 95% CI = 1.001–1.026; P = 0.037), and inhalation injury (OR = 1.821; 95% 

CI = 1.008–3.292; P = 0.047) were independent risk factors for postoperative AKI development after 

the burn surgery (Table 1.3). The ROC curve analysis showed that the area under the curve of 

preoperative NLR was 0.767, with an optimal cut-off value of 11.7, sensitivity of 76.1% and specificity 

of 70.1% (Figure 1.2). 

In addition, CRRT within 7 postoperative days were performed in 25 of the 473 patients with 

burn injury. A significant difference was noted in the preoperative NLR between patients who 
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underwent CRRT and those who did not (22.5 ± 15.1 vs. 10.8 ± 8.2, P <0.001).

The postoperative 3-month mortality was significantly different between the non-AKI and AKI 

groups (60/402 (14.9%) patients vs. 35/71 (49.3%) patients, P <0.001). Figure 1.3 shows the Kaplan–

Meier survival curves for the two groups. The survival rate on day 90 was 85.1% and 50.7% in the non-

AKI and AKI groups, respectively. The P-value for the log-rank test was <0.001. In addition, pneumonia, 

wound infection and sepsis within 7 postoperative days were not significantly different between the 

non-AKI and AKI groups (1.2% vs. 1.4%, P = 0.909; 3.7% vs. 5.6%, P = 0.452; 8.7% vs. 11.3%, P = 

0.489, respectively). The length of hospital stay also showed no significant difference between the non-

AKI and AKI groups (50.7 ± 23.7 days vs. 57.6 ± 45.7 days, P = 0.277). 
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1.4 DISCUSSION

In the present study, the incidence of postoperative AKI was 15.0% in patients who underwent burn 

surgery. We found that increased preoperative NLR, increased TBSA burned, and presence of inhalation 

injury were independent risk factors for postoperative AKI development after the burn surgery. 

Furthermore, postoperative AKI was associated with 3-month mortality after the burn surgery. To the 

best of our knowledge, this is the first study to evaluate preoperative NLR as a risk factor for AKI after 

the burn surgery.

Burn is associated with increased capillary permeability and intravascular volume deficits, which 

results in burn shock.2 Moreover, burn can cause massive tissue destruction, resulting in the activation 

of a cytokine-mediated inflammatory response.1 Burn pathophysiology eventually causes decreased 

organ perfusion, AKI and multi-organ failure. In fact, AKI has been reported to be directly related to 

mortality.9-11 Furthermore, as the hospital stay becomes longer, the expenditure of patients with AKI 

increases.10 These poor outcomes may be improved through the prevention and early intervention of 

AKI. The early intervention may include CRRT; however, the timing of CRRT initiation remains 

controversial.40,41 Therefore, to prevent postoperative AKI after a burn surgery, it is important to simply 

and effectively evaluate its risk factors.

In the present study, we found that increased preoperative NLR is a predictor of AKI after a burn 

surgery. NLR has been studied in several fields owing to its predictive power for inflammation. NLR 

can be easily and readily calculated from complete blood count and acts as an indicator of 

inflammation,14 and as such, NLR is useful in predicting mortality in patients with advanced cirrhosis.42

Recently, this simple marker was used as a risk factor for predicting AKI in patients with sepsis. 

Ischemia-reperfusion injury, inflammation, microvascular alterations and apoptosis are the main 

mechanisms underlying sepsis-related AKI.13 In patients with sepsis, systemic inflammation could be 

secondary to a local kidney inflammation. In particular, a high NLR is related to poor baseline renal 

function or chronic kidney disease progression.43,44 Therefore, preoperative NLR, which is easily 

measured by basic laboratory tests, can be a useful marker for predicting postoperative AKI after a burn 

surgery.
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The percentage of TBSA in burn patients is important for predicting morbidity and mortality. The 

severity of a burn injury assessed according to the TBSA is a major risk factor for AKI in burn patients.26

Holm et al. reported the correlation between the burn size and AKI development in burn patients with 

>10% TBSA involved.45 The main factors contributing to AKI development in patients with burn injury

are initial hypovolemia and subsequent sepsis. Injury involving >20% TBSA is likely to cause massive 

loss of extracellular fluid, consequently causing intravascular volume depletion. Elevated levels of 

stress hormones, such as catecholamine, angiotensin, aldosterone and vasopressin, have been implicated 

in AKI development. These sequences eventually result in renal ischemia-reperfusion injury and 

interstitial inflammation of the kidney, which are the major pathophysiologies of AKI.46 Our results also 

reveal that the increased TBSA burned is one of the main risk factors for AKI. Therefore, meticulous 

perioperative management is necessary in major burn patients, owing to the possibilities of increase in 

AKI with the increase in TBSA burned.

Inhalation injury is caused by direct heat exposure and inhalation of toxins. The consequences 

of smoke inhalation result from an inflammatory response involving mediators; however, these 

consequences remain incompletely understood.47 This inhalation injury can be associated with 

devastating pulmonary dysfunction that increases morbidity and mortality.48 In our study, inhalation 

injury was a risk factor for postoperative AKI after the burn surgery. Consistent with our results, Chung 

et al. described that inhalation burn injury was significantly higher in the AKI group than in the non-

AKI group in their study.49 However, in the study by Kumar et al., inhalation burn injury was not an 

independent risk factor for AKI in patients with burn injury.50 Thus, the impact of inhalation burn injury 

on AKI remains controversial. The exact mechanism of inhalation injury leading to AKI development 

is also unknown. Therefore, further studies are warranted to clarify the relationship between 

postoperative AKI after a burn surgery and an inhalation burn injury.

We found that the amount of crystalloid administered was not associated with AKI after the burn 

surgery. However, fluid overload may cause intra-abdominal hypertension and abdominal compartment 

syndrome, which may contribute to AKI.26,27 Furthermore, Perner et al. reported that fluid overload 

may contribute to the development or worsening of AKI and may impair renal recovery after AKI.51



12

Thus, volume optimization is necessary to prevent AKI in burn patients at high risk of AKI, such as 

those with increased TBSA burned, presence of inhalation injury and increased preoperative NLR.

This study has some inevitable limitations. First, as the analysis was conducted retrospectively, a 

possible bias may have influenced the results. However, as a precautionary step, we evaluated almost 

all possible variables related to AKI after a burn surgery to minimize the bias. Moreover, due to the 

nature of this retrospective study, the parameter urine output was not included in the evaluation of AKI 

using KDIGO criteria. This exclusion may have resulted in the underestimation of the occurrence of 

AKI. Furthermore, because the study design was retrospective, we did not register the study protocol 

publicly. Instead, the study was conducted after the Institutional Review Board of our ethical committee 

approved our study protocol with the analysis plan. Second, as this study was conducted at a single 

center, the treatment protocols for burn in the acute phase may differ from those at other burn centers; 

this difference may have influenced the overall results. Third, in the present study, urine dipstick test 

was used to determine the presence of proteinuria. However, because protein values on dipstick tests 

may be subject to inaccuracy, urine protein/creatinine ratio would be a more reliable test for 

proteinuria.52 Fourth, our results suggest a significant association between NLR and AKI, and this 

interpretation does not necessarily indicate that increased NLR causes AKI. Further studies are 

warranted to clarify the causal relationship between NLR and AKI. 
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1.5 CONCLUSION

Increased preoperative NLR, increased TBSA burned, and presence of inhalation injury were found to 

act as the independent risk factors for postoperative AKI after a burn surgery. Burn surgery-related AKI 

was also associated with early postoperative mortality. Thus, preoperative NLR can provide useful 

information on the early detection of postoperative AKI and subsequent mortality in burn-injured 

patients.
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Figure 1.1. Flow diagram of the study participants. ICU, intensive care unit; AKI, acute kidney injury.
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Figure 1.2. Receiver operating characteristic (ROC) curve analysis of preoperative 

neutrophil/lymphocyte ratio for the occurrence of acute kidney injury after a burn surgery. 
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Figure 1.3. Kaplan–Meier curve of 3-month survival after the burn surgery. The blue solid line indicates 

patient survival in the non-AKI group. The red dashed line indicates patient survival in the AKI group. 

AKI, acute kidney injury.
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Table 1.1. Preoperative variables

Variables
Non-AKI group

(n = 402)

AKI group

(n = 71)
P-value

Age, years 52.5 ± 16.1 53.6 ± 17.1 0.621

Gender, male/female 334 (83.1) / 68 (16.9) 58 (81.7) / 13 (18.3) 0.864

Body mass index, >25 kg/m2 107 (26.6) 18 (25.4) 0.885

Diabetes mellitus 28 (7.0) 7 (9.9) 0.458

Hypertension 67 (16.7) 9 (12.7) 0.485

ASA physical status 0.373

Class I 66 (16.4) 8 (11.3)

Class II 82 (20.4) 20 (28.2)

Class III 253 (62.9) 43 (60.6)

Class IV 1 (0.2) 0 (0.0)

TBSA burned, % 35 ± 21 47 ± 26 0.001

Burn type 0.702

   Flame burn 281 (69.9) 53 (74.6)

   Scalding burn 66 (16.4) 9 (12.7)

   Electric burn 25 (6.2) 6 (8.5)

   Contact burn 19 (4.7) 1 (1.4)

   Other burns* 11 (2.7) 2 (2.8)

Inhalation injury 94 (23.4) 31 (43.7) 0.001

Laboratory variables

   Neutrophil/lymphocyte ratio 10.0 ± 7.3 19.8 ± 12.8 <0.001

   Hemoglobin, g/dL 13.5 ± 3.0 13.4 ± 3.3 0.827

   Platelet count, ×109/L 222.7 ± 126.1 204.4 ± 166.7 0.286
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   Prothrombin time, s 14.1 ± 2.1 14.8 ± 2.8 0.039

   Uric acid, mg/dL 3.8 ± 2.0 3.8 ± 1.9 0.716

   Albumin, g/L 27 ± 9 25 ± 10 0.083

   Creatinine, mg/dL 1.21 ± 0.68 1.24 ± 0.70 0.780

   Proteinuria 128 (31.8) 30 (42.3) 0.101

Data are shown as mean ± standard deviation or number (%), as appropriate. AKI, acute kidney injury; 

ASA, American Society of Anesthesiologists; TBSA, total body surface area. *Other burns include 

spark burn, chemical burn and steam burn. 
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Table 1.2. Intraoperative variables

Variables
Non-AKI group

(n = 402)

AKI group

(n = 71)
P-value

Duration of anesthesia, min 130 ± 46 137 ± 50 0.267

Duration of operation, min 93 ± 42 100 ± 50 0.231

Crystalloid administered, mL/kg 21.3 ± 13.4 25.3 ± 15.5 0.026

Colloid administered, >10 mL/kg 188 (46.8) 43 (60.6) 0.039

Red blood cell transfusion 339 (84.3) 63 (88.7) 0.375

Intraoperative hypotension 100 (24.9) 15 (21.1) 0.551

Data are shown as mean ± standard deviation or number (%), as appropriate. AKI, acute kidney injury.
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Table 1.3. Univariate and multivariate analyses for evaluating risk factors for acute kidney injury after 

the burn surgery

Univariate analysis Multivariate analysis

Variables Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Age 1.004 (0.988–1.020) 0.621

Gender

Male 1.000

Female 1.101 (0.572–2.121) 0.774

Body mass index 0.936 (0.525–1.670) 0.936

Diabetes mellitus 1.461 (0.612–3.486) 0.393

Hypertension 0.726 (0.344–1.531) 0.400

ASA physical status

I 1.000 

II 2.012 (0.833–4.859) 0.120

III 1.402 (0.629–3.126) 0.409

IV 0.000 (0.000–0.000) 1.000

TBSA burned 1.022 (1.011–1.034) <0.001 1.013 (1.001–1.026) 0.037

Inhalation injury 2.539 (1.506–4.283) <0.001 1.821 (1.008–3.292) 0.047

Burn type 

Flame burn 1.000

Electric burn 0.723 (0.340–1.539) 0.400

Scalding burn 1.272 (0.498–3.251) 0.615

Contact burn 0.279 (0.037–2.129) 0.218

Other burns 1.325 (0.274–6.416) 0.726

Laboratory data 
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Neutrophil/lymphocyte ratio 1.103 (1.073–1.134) <0.001 1.094 (1.064–1.125) <0.001

Hemoglobin 0.991 (0.911–1.078) 0.827

Platelet count 0.999 (0.997–1.001) 0.286

Prothrombin time 1.131 (1.025–1.248) 0.014 1.060 (0.945–1.189) 0.316

Uric acid 0.975 (0.850–1.118) 0.715

Albumin 0.766 (0.566–1.037) 0.084

Creatinine 1.084 (0.616–1.906) 0.780

Proteinuria 1.566 (0.935–2.623) 0.088

Intraoperative finding 

Duration of operation 1.003 (0.998–1.009) 0.232

Crystalloid administered 1.019 (1.002–1.036) 0.028 1.000 (0.978–1.022) 0.998

Colloid administered 1.748 (1.045–2.925) 0.033 1.319 (0.744–2.336) 0.343

Red blood cell transfusion 1.463 (0.669–3.203) 0.341

Intraoperative hypotension 0.851 (0.438–1.493) 0.498

CI, confidence interval; ASA, American Society of Anesthesiologists; TBSA, total body surface area.
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PART 2

Prognostic nutritional index and major adverse cardiac events 

after burn surgery
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2.1 INTRODUCTION

Patients with burn injury, who may show increased capillary permeability and decreased circulating 

plasma volume, are exposed to special conditions that can burden the cardiovascular system, such as 

large-volume fluid administration, massive bleeding and blood transfusion, and hypothermia during 

burn surgery.3 Moreover, in the acute phase of burn injury, patients may develop cardiac complications 

such as myocardial infarction and arrhythmia due to a prolonged and persistent hypermetabolic status 

and surge of sympathetic activity with increased catecholamine secretion.4-6 Thus, cardiac 

complications can be significant problems in these patients and are responsible for a considerable 

proportion of the morbidity and mortality encountered after burn surgery.3,12

Burn injuries can also induce significant malnutrition and metabolic derangements, leading to 

cardiovascular dysfunction, impaired wound healing, and infection.7,8 Therefore, adequate evaluation 

of the preoperative nutritional state is essential to minimize these complications. The PNI, which is 

easily calculated using the serum albumin concentration and total lymphocyte count,21 can assess the 

preoperative nutritional status of patients and is widely used to predict postoperative complications and 

outcomes.19,20 However, to the best of our knowledge, no study has evaluated the association between 

PNI and cardiovascular complications in patients undergoing burn surgery.

Therefore, we aimed to examine the impact of preoperative PNI on MACE after burn surgery. 

First, we evaluated the independent risk factors, including preoperative PNI, for MACE using 

multivariate logistic regression analysis in patients who underwent burn surgery. Second, using 

propensity score-matched analysis, we evaluated the ability of PNI to predict MACE after burn surgery. 

We also compared 1-year mortality between patients who developed MACE (MACE group) and those 

who did not (non-MACE group).
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2.2 METHODS

Patients

The Institutional Review Board of Hangang Sacred Heart Hospital, Seoul, Republic of Korea approved 

this study (approval number: HG 2020-011). We retrospectively recruited patients with burn injury

admitted to the burn ICU before burn surgery at the Burn Center, Hangang Sacred Heart Hospital, 

Hallym University, Seoul, Republic of Korea between January 2010 and February 2018. Patients aged 

<18 years and those with incomplete medical records were excluded. Medical records were reviewed, 

and MACE were noted. For patients who underwent several burn surgeries, data from the first burn 

surgery were collected. The requirement for written informed consents was waived by the Institutional 

Review Board due to retrospective study design. All methods were carried out in accordance with 

relevant guidelines and regulations.

Anesthetic and surgical techniques33

General anesthesia was induced with 1.5–2 mg/kg propofol and 0.6–0.8 mg/kg rocuronium and 

maintained with 2–3 vol% sevoflurane or 6–8 vol% desflurane and a 50% O2/N2O mixture. The tidal 

volume was adjusted to 8–10 mL/kg of ideal body weight, and the respiratory rate was adjusted at 10–

14 cycles/min to maintain an end-tidal carbon dioxide concentration of 30–35 cmH2O. Crystalloids, 

such as lactated Ringer’s solution or plasma solution A (CJ Pharmaceutical, Seoul, Korea), were 

administered at a rate of 6–10 mL/kg/h, and a colloid, such as Volulyte (Fresenius Kabi, Bad Homburg, 

Germany), was administered when an estimated blood loss of >500 mL occurred during burn surgery. 

Transfusion of packed RBC was performed at a hemoglobin concentration of <8 g/dL. The mean arterial 

blood pressure was maintained above 65 mmHg. When the mean arterial blood pressure was <65 mmHg 

for at least 5 minutes, fluids or vasoactive drugs such as ephedrine, phenylephrine, and norepinephrine 

were administered. 

Surgeries included fasciotomy, escharotomy, burn wound excision, cadaveric skin graft, and split-

thickness skin graft. Depending on the burn depth, the necrotic burn area was excised to a viable depth, 

with tangential excision for smaller burns and fascial excision for larger burns. Split-thickness skin was 
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harvested from the donor site. For rapid and permanent closure of full-thickness burns, the standard 

surgical procedure involves a split-thickness skin graft. However, extensive burns often required 

temporary coverage with a cadaveric skin graft, skin substitutes, or a dermal analogue (Alloderm, Epicel,

Biobrane, and Integra) when the donor site skin was insufficient or unavailable.37

Data collection

Demographic and preoperative data included age, sex, body mass index, ASA physical status, 

comorbidities (diabetes mellitus, hypertension, heart failure, end-stage renal disease [ESRD], and 

chronic obstructive pulmonary disease), smoking history, TBSA burned, burn type, inhalation injury, 

and preoperative laboratory variables (hemoglobin concentration, platelet count, prothrombin time, 

white blood cell count, neutrophil count, lymphocyte count, serum albumin concentration, serum 

creatinine level, lactic acid level, NLR, and PNI). Intraoperative data included operation time, 

anesthesia time, crystalloid and colloid amounts, RBC transfusion, RBC transfusion amount, urine 

output, and intraoperative hypotension events. 

Definition of PNI and MACE

PNI was calculated with the following formula: PNI = 10 × serum albumin (g/dL) + 0.005 × total 

lymphocyte count (per mm3).19,20,53

Postoperative MACE was defined as one or more of the following events occurring within 6 

months after burn surgery: acute myocardial infarction, congestive heart failure, arrhythmia, or nonfatal 

cardiac arrest.54 Acute myocardial infarction was defined as an increase in troponin level with at least 

one of the following findings: ischemia symptoms, abnormal Q wave on the electrocardiogram, or ST 

segment elevation or depression on the electrocardiogram. Congestive heart failure was defined by new-

onset signs or symptoms of dyspnea, fatigue, orthopnea, paroxysmal nocturnal dyspnea, increased 

jugular venous pressure, pulmonary rales, cardiomegaly, or pulmonary vascular engorgement. 

Arrhythmia was defined as atrial flutter, atrial fibrillation, or second- or third-degree atrioventricular 

conduction block with electrocardiogram evidence. Nonfatal cardiac arrest was defined by the absence 
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of cardiac rhythm or presence of chaotic rhythm requiring cardiac life support.

Statistical analysis

Categorical variables were expressed as number of patients (%) and compared by the chi-squared or 

Fisher’s exact test between the MACE and non-MACE groups. Continuous variables were expressed 

as mean ± standard deviation and were compared by Student’s t-test or Mann–Whitney U test between 

the two groups. 

Univariate and multivariate logistic regression analyses were performed to identify risk factors 

for MACE after burn surgery. All covariates with P <0.05 in univariate logistic regression analysis were 

included in the multivariate logistic regression analysis using the backward conditional method. The 

variance inflation factor was examined to identify potential multicollinearity. When variables showed 

variance inflation factors of more than 10, they were considered highly multicollinear and excluded 

from analyses. The Hosmer–Lemeshow goodness-of-fit statistic was used to measure calibration of the 

logistic regression model, and the C-statistic was used to measure discrimination of the logistic 

regression model. The ability of preoperative PNI to predict MACE after burn surgery was determined 

by calculating the area under the ROC curve using the trapezoid rule. The optimal cut-off value was set 

as the value with the highest sensitivity and specificity. 

A 1:1 propensity score-matched analysis was conducted by the nearest-neighbor method with a 

0.2 caliper size to clarify the influence of PNI on MACE. To minimize selection bias and confounding 

factors, the propensity score was calculated using logistic regression analysis, including variables such 

as age, sex, body mass index, ASA physical status, diabetes mellitus, hypertension, heart failure, ESRD, 

chronic obstructive pulmonary disease, smoking history, TBSA burned, burn type, inhalation injury, 

hemoglobin concentration, platelet count, prothrombin time, serum creatinine level, and serum lactic 

acid level. The standardized mean difference (SMD) was calculated to evaluate the balance of the two 

groups before and after propensity score matching. After 1:1 propensity score matching analysis, 

categorical variables were compared by McNemar’s test, and continuous variables were compared by 

the paired t-test. The predictive value of PNI for the occurrence of MACE in the propensity score-
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matched cohort was identified by conditional logistic regression analysis. 

Kaplan–Meier survival analysis with a log� rank test was performed to compare the 1-year 

survival after burn surgery between the non-MACE and MACE groups in all cohorts. All statistical 

analyses were performed by SPSS® version 21.0 software (IBM, Armonk, NY, USA) and STATA ver. 

13.1 (Stata Corp., College Station, TX, USA) with significance set at P <0.05.



28

2.3 RESULTS

This study assessed 1172 burn ICU patients who underwent burn surgery between January 2010 and 

February 2018. After excluding 123 patients (107 patients due to incomplete medical records and 16 

patients aged <18 years), 1049 patients were included (Fig. 2.1). 

MACE after burn surgery occurred in 184 patients (17.5%). Demographic, preoperative, and 

intraoperative data are shown in Tables 2.1 and 2.2. Age, ASA physical status, diabetes mellitus, ESRD, 

TBSA burned, burn type, inhalation injury, hemoglobin concentration, platelet count, prothrombin time, 

lymphocyte count, serum albumin concentration, serum creatinine level, serum lactic acid level, NLR, 

PNI, operation time, anesthesia time, crystalloid and colloid amounts, RBC transfusion rate and amount, 

and intraoperative hypotension event were all significantly different between the MACE and non-

MACE groups. 

Univariate logistic regression analysis revealed that PNI, age, ASA physical status, diabetes 

mellitus, ESRD, TBSA burned, burn type, inhalation injury, hemoglobin concentration, platelet count, 

serum creatinine level, serum lactic acid level, NLR, operation time, crystalloid and colloid amount, 

RBC transfusion rate, and intraoperative hypotension were associated with MACE after burn surgery. 

Multivariate logistic regression analysis using the backward conditional method revealed that PNI (odds 

ratio [OR], 0. 912; 95% confidence interval [CI], 0.887–0.937; P <0.001), age (OR, 1.043; 95% CI, 

1.030–1.056, P <0.001), ASA physical status (OR, 2.572; 95% CI, 1.738–3.806; P <0.001), and TBSA 

burned (OR, 1.027; 95% CI, 1.018–1.036; P <0.001) were all significantly associated with MACE after 

burn surgery (Table 2.3). The highest variance inflation factor was 1.652, ensuring a lack of 

multicollinearity. The Hosmer–Lemeshow goodness-of-fit probability was 0.117, and the C-statistic for 

the model was 0.834, indicating good calibration and discrimination. The ROC curve analysis revealed 

that the area under the curve of PNI was 0.729, and the optimal cut-off value was 35, with a sensitivity 

of 82.6% and specificity of 50.1% (Fig. 2.2).

Of the 1049 patients, 469 (44.7%) showed PNI ≥35 and 580 (55.3%) showed PNI <35 (Table

2.4). After 1:1 propensity score matching, we generated 323 matched pairs and divided the patients who 

underwent burn surgery into PNI ≥35 (n = 323) and PNI <35 (n = 323) groups (Table 2.4). All covariates 
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were well-balanced with SMD <0.2, and no significant differences in demographics and clinical 

characteristics were found between the PNI ≥35 and PNI <35 groups after propensity score matching 

(Table 2.4). Moreover, no significant intergroup differences were found in intraoperative data after 

propensity score matching (Table 2.5). The incidence of MACE in the PNI <35 group was significantly 

higher than that in the PNI ≥35 group, before (25.7% vs. 7.5%, P <0.001) (Fig. 2.3A) and after 

propensity score matching (20.1% vs. 9.6%, P <0.001) (Fig. 2.3B). The predictive value of PNI ≥35 for 

the occurrence of MACE after burn surgery is shown in Fig. 4. PNI <35, compared to PNI ≥35, was 

associated with higher incidences of MACE in unadjusted (OR = 4.287; 95% CI, 2.898–6.341; P 

<0.001), multivariate-adjusted (OR = 3.005; 95% CI, 1.955–4.619; P <0.001), and propensity score-

matched analyses (OR = 2.373; 95% CI, 1.499–3.757; P <0.001) (Fig. 2.4). 

The postoperative 1-year mortality was significantly higher in the MACE group than in the non-

MACE group (79/184 [54.9%] vs. 101/865 [9.1%], P <0.001) in 1049 patients with burn injury. Fig.

2.5 shows the Kaplan–Meier survival curves for the two groups. The survival in the MACE group was 

significantly lower than that in the non-MACE group (P <0.001).
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2.4 DISCUSSION

In the present study, the incidence of MACE was 17.5% and the independent risk factors for MACE 

were preoperative PNI, age, ASA physical status, and TBSA burned in patients who underwent burn 

surgery. The optimal cut-off preoperative PNI value to predict MACE after burn surgery was 35. After 

propensity score matching, the incidence of MACE in the PNI <35 group was significantly higher than 

that in the PNI ≥35 group, and PNI <35 was significantly associated with an increased incidence of 

MACE after burn surgery. Furthermore, MACE was associated with higher 1-year mortality after burn 

surgery. To our knowledge, this study is the first to reveal that preoperative PNI is significantly 

associated with MACE in patients undergoing burn surgery.        

The cardiovascular system is one of the most affected organ-systems after burn injury.55 These 

injuries can cause sympathetic hyperactivity and an elevated inflammatory state.56-60 The increased 

sympathetic activity and altered beta-adrenergic receptor function enhance myocardial oxygen demand 

and decrease oxygen supply by increasing the heart rate, contractility, and arterial blood pressure.56

Additionally, the elevated inflammatory state causes hemodynamic instability and cardiomyocyte 

apoptosis.57,58 Moreover, with increased capillary permeability, the circulating plasma volume reduces, 

resulting in intravascular hypovolemia, poor circulation, and hypoperfusion of central organs. These 

burn-induced changes cause cardiac dysfunction and complications.59,60 Therefore, preoperative 

evaluation of independent risk factors is important to reduce postoperative MACE in patients with burn 

injury. 

This study demonstrated that preoperative PNI was an independent risk factor for MACE after 

burn surgery. Nutritional status in burn-injured patients is an essential factor in predicting postoperative 

morbidity and mortality.7 Burns cause an elevated stress response and metabolic rate, which can last 

several years after the burn injury.8,61 The hypermetabolic state increases oxygen consumption, which 

can induce cardiac impairment; when the TBSA burned ≥40%, oxygen consumption increased by up to 

40%–100% of the normal levels.62,63 Severe catabolism in patients with burn injury accompanied by a 

hypermetabolic state causes malnutrition and compromises immune function,62,64 both of which are 

related to cardiovascular complications.65,66 In this study, PNI was calculated using albumin 
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concentration, which reflects the nutritional and systemic inflammatory status,15,16 and the lymphocyte 

count, which reflects immune status. Furthermore, PNI is a useful index for postoperative 

prognostication.21 In previous studies, preoperative PNI was considered as a useful predictor of 

postoperative complications in various patients.19,20 The serum albumin level is widely used to evaluate 

nutritional and systemic inflammatory aspects in patients with burn injury.67,68 Hypoalbuminemia 

reflects burn severity and is a predictor of morbidity and mortality in patients with burn injury.69

Lymphocytes also play an important role in the immune response. Lymphocyte levels and functions 

change severely after extensive burn injury, and an early decrease in the lymphocyte count reflects a 

poor prognosis in patients with burn injury.17 Thus, preoperative PNI could effectively reflect the 

malnutrition and immune suppression caused by hypermetabolic and catabolic states after burn injury. 

We hypothesized that preoperative PNI is associated with MACE after burn surgery. This study 

demonstrated that a low preoperative PNI could simply and effectively predict MACE occurrence 6 

months after burn surgery. 

We also observed that the optimal cut-off value of preoperative PNI for predicting MACE after 

burn surgery was 35. Previous studies have demonstrated various cut-off values ranging from 35 to 

50.20,70,71 A PNI <50 was associated with poor oncologic outcomes in patients with colorectal cancer,70

and PNI ≤45 was significantly associated with increased postoperative pulmonary complications in 

radical cystectomy patients.20 Consistent with our results, PNI <35 was shown to be associated with 

poor survival in patients undergoing colon cancer resection.71 Our study is the first to demonstrate that 

burn-injured patients with PNI <35 are at a high risk of MACE after burn surgery. Therefore, these 

patients should receive meticulous care to minimize the risk of MACE after burn surgery.

Our findings demonstrated that MACE after burn surgery occurred more frequently in older 

patients. Old age is a known risk factor for postoperative cardiovascular complications,72,73 and elderly 

patients have larger comorbidity burdens and lower physiologic reserves in multiple organ systems than 

younger patients.74 Moreover, an ASA physical status of ≥3 was significantly associated with MACE 

after burn surgery. The ASA physical status classification system assesses the risk of perioperative 

complications and categorizes patients into class 1–6 preoperatively, with class 1 indicating normal 
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health and class 5 indicating a moribund status (class 6 indicates a brain-dead patient suitable for organ 

transplantation). Postoperative complication rate, including the rate of cardiac complications, is known 

to be higher in patients with an ASA physical status of 3 or higher after non-cardiac surgery, which is 

consistent with our findings.75 Furthermore, in the present study, a large TBSA burned was an 

independent risk factor for MACE after burn surgery. Hypermetabolic, hypercatabolic, and 

immunosuppressed states can increase the risk of multi-organ failure, including cardiovascular 

complications, in patients with large TBSA burned.25,76,77 Thus, our results suggest that old age, ASA 

physical status ≥3, and large TBSA burned were closely associated with MACE after burn surgery.

MACE was associated with a profound increase in mortality one year after burn surgery. Patients 

with burn injury with cardiac complications are susceptible to inflammation and infection, and can 

easily develop sepsis, leading to death.77 Furthermore, consistent with the present study, a previous 

study demonstrated that MACE increased the risk of mortality in patients undergoing non-cardiac 

surgery.78 The authors reported that the perioperative cardiac dysfunction could not cope with the 

surgical stress and might have resulted in high mortality.78 Therefore, special attention should be paid 

to increase the survival rate in patients with cardiac complications related to burn injury. 

This study had several limitations. First, this study was limited due to its retrospective nature with 

an inevitable selection bias. However, we analyzed almost all covariate factors related to MACE in 

patients with burn injury. Moreover, we conducted a propensity score-matched analysis to avoid the 

compounding bias. Another limitation is that this study was performed at a single center. Therefore, our 

results might not be applicable to other types of facilities. Lastly, we analyzed data from the first burn

surgery in patients who underwent several burn procedures. Therefore, our results must be interpreted 

carefully.
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2.5 CONCLUSION

MACE occurred in 17.5% of patients who underwent burn surgery. Preoperative low PNI was an 

independent risk factor for MACE 6 months after burn surgery. Preoperative PNI <35 was significantly 

associated with increased MACE after burn surgery. Additionally, 1-year mortality was higher in 

patients with MACE after burn surgery. Thus, preoperative PNI provides useful information about the 

occurrence of MACE after burn surgery. 
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Figure 2.1. Flowchart of the study protocol. A total of 1172 burn intensive care unit patients underwent 

burn surgery, of which 1049 were included in this study. Patients were categorized according to the 

occurrence of MACE after burn surgery, and multivariate logistic regression analysis was performed. 

Then, patients were dichotomized according to the optimal cut-off value of PNI to predict MACE after 

burn surgery and a propensity score matching analysis was performed. ICU, intensive care unit; MACE, 

major adverse cardiac events; PNI, prognostic nutritional index.
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Figure 2.2. Receiver operating characteristic curve analysis of preoperative PNI to predict MACE after 

burn surgery. The area under the curve is 0.729, with an optimal cut-off value of 35. AUC, area under 

the curve; PNI, prognostic nutritional index; MACE, major adverse cardiac events.
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Figure 2.3. The incidence of MACE before (A) and after (B) propensity score matching. The incidence 

of MACE in the PNI <35 group was significantly higher than that in the PNI ≥35 group. MACE, major 

adverse cardiac events; PNI, prognostic nutritional index.
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Figure 2.4. Predictive value of PNI <35 for the occurrence of MACE after burn surgery. *The 

multivariate-adjusted odds ratio was evaluated using the variables shown in Table 3. †The propensity 

score-matched odds ratio was evaluated using the variables shown in Table 4. MACE, major adverse 

cardiac events; PNI, prognostic nutritional index.
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Figure 2.5. Kaplan–Meier curve of 1-year survival in non-MACE group and MACE group in 1049 

patients. Note that the survival in the MACE group was significantly lower than that in the non-MACE 

group. MACE; major adverse cardiac events. 
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Table 2.1. Demographic and preoperative data in 1049 burn-injured patients    

Variables
Non-MACE group

(n = 865)

MACE group

(n = 184)
P-value

Age, year 54.0 ± 15.4 61.1 ± 16.8 <0.001

Sex, male 698 (80.7) 152 (82.6) 0.605

Body mass index, kg/m2 23.4 ± 3.4 23.5 ± 3.4 0.569

ASA physical status <0.001

≤2 547 (63.2) 51 (27.7)

≥3 318 (36.8) 133 (72.3)

Diabetes mellitus 67 (7.7) 23 (12.5) 0.042

Hypertension 152 (17.6) 39 (21.2) 0.293

Heart failure 9 (1.0) 3 (1.6) 0.703

ESRD 28 (3.2) 15 (8.2) 0.004

COPD 4 (0.5) 2 (1.1) 0.598

Smoking 0.617

   Non-smoker 531 (61.4) 117 (63.6)

Current-smoker 334 (38.6) 67 (36.4)

TBSA burned, % 32.0 ± 19.7 48.7 ± 27.0 <0.001

Burn type 0.019

   Flame burn 601 (69.5) 139 (75.5)

   Electrical burn 115 (13.3) 11 (6.0)

  Other burns* 149 (17.2) 34 (18.5)

Inhalation injury 251 (29.0) 72 (39.1) 0.008

Hemoglobin, g/dL 12.3 ± 2.5 11.7 ± 2.6 0.009

Platelet count, 109/L 251.0 ± 152.4 190.6 ± 129.4 <0.001

Prothrombin time, INR 1.1 ± 0.2 1.2 ± 0.3 <0.001

WBC count, /mm3 10953.0 ± 6305.9 10157.4 ± 5554.8 0.113
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Neutrophil count, /mm3 8815.5 ± 5573.1 8648.5 ± 5024.7 0.708

Lymphocyte count, /mm3 1304.3 ± 1226.3 799.3 ± 608.1 <0.001

Albumin, g/dL 3.0 ± 0.8 2.5 ± 0.7 <0.001

Creatinine, mg/dL 0.8 ± 0.6 1.1 ± 1.0 <0.001

Lactic acid, mmol/L 2.3 ± 1.7 2.9 ± 2.1 <0.001

NLR 11.6 ± 10.2 16.7 ± 17.1 <0.001

PNI 37.0 ± 10.0 29.0 ± 6.8 <0.001

Data are shown as mean ± standard deviation or number of patients (%) as appropriate. *Other burns 

included scalding burn, contact burn, chemical burn, and spark burn. MACE, major adverse cardiac 

events; ASA, American Society of Anesthesiologists; ESRD, end-stage renal disease; COPD, chronic 

obstructive pulmonary disease; TBSA, total body surface area; INR, international normalized ratio; 

WBC, white blood cell; NLR, neutrophil/lymphocyte ratio; PNI, prognostic nutritional index.
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Table 2.2. Intraoperative data for 1049 burn-injured patients

Variables
Non-MACE group

(n = 865)

MACE group

(n = 184)
P-value

Operation time, min 93.9 ± 56.2 106.9 ± 48.5 0.004

Anesthesia time, min 139.0 ± 62.5 149.4 ± 50.5 0.036

Crystalloid amount, mL/kg 19.6 ± 13.2 24.7 ± 14.4 <0.001

Colloid amount, mL/kg 11.6 ± 8.0 13.7 ± 11.5 0.003

RBC transfusion rate 689 (79.7) 169 (91.8) <0.001

RBC transfusion amount, unit 3.4 ± 2.7 5.4 ± 3.7 <0.001

Urine output, mL 310.6 ± 339.6 311.1 ± 322.1 0.987

Intraoperative hypotension 240 (27.7) 74 (40.2) 0.001

Data are shown as mean ± standard deviation or number of patients (%) as appropriate. RBC, red blood 

cell.
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Table 2.3. Univariate and multivariate logistic regression analyses for risk factors associated with major 

adverse cardiac events after burn surgery in 1049 burn-injured patients

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Age 1.028 (1.018–1.039) <0.001 1.043 (1.030–1.056) <0.001

Sex, male 1.136 (0.749–1.724) 0.548

Body mass index 1.014 (0.968–1.061) 0.569

ASA physical status

≤2 1.000 1.000

≥3 4.486 (3.157–6.373) <0.001 2.572 (1.738–3.806) <0.001

Diabetes mellitus 1.701 (1.029–2.814) 0.038

Hypertension 1.262 (0.850–1.872) 0.248

Heart failure 1.576 (0.423–5.880) 0.498

ESRD 2.653 (1.387–5.075) 0.003

COPD 2.365 (0.430–13.012) 0.322

Smoking 0.910 (0.655–1.266) 0.577

TBSA burned 1.033 (1.025–1.040) <0.001 1.027 (1.018–1.036) <0.001

Burn type

Flame burn 1.000

Electrical burn 0.414 (0.217–0.789) 0.007

Other burns* 1.291 (0.758–2.198) 0.348

Inhalation injury 1.573 (1.130–2.188) 0.007

Hemoglobin 0.915 (0.855–0.978) 0.009

Platelet count 0.997 (0.995–0.998) <0.001

WBC count 1.000 (0.999–1.001) 0.113

Creatinine 1.508 (1.222–1.861) <0.001

Lactic acid 1.175 (1.088–1.269) <0.001
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NLR 1.029 (1.017–1.041) <0.001

PNI 0.885 (0.863–0.908) <0.001 0.912 (0.887–0.937) <0.001

Operation time 1.004 (1.001–1.006) 0.004

Crystalloid amount 1.025 (1.014–1.036) <0.001

Colloid amount 1.024 (1.007–1.041) 0.006

RBC transfusion rate 2.878 (1.655–5.005) <0.001

Urine output 1.000 (0.999–1.001) 0.987

Intraoperative hypotension 1.752 (1.259–2.437) 0.001

All covariates (i.e. age, ASA physical status, diabetes mellitus, ESRD, TBSA burned, burn type, 

inhalation injury, hemoglobin, platelet count, creatinine, lactic acid, NLR, PNI, operation time, 

crystalloid amount, colloid amount, RBC transfusion rate, and intraoperative hypotension) with a P 

<0.05 in univariate logistic regression analysis were included in the multivariate logistic regression 

analysis by using the backward conditional method. *Other burns included scalding burn, contact burn, 

chemical burn, and spark burn. OR, odds ratio; CI, confidence interval; ASA, American Society of 

Anesthesiologists; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; 

TBSA, total body surface area; WBC, white blood cell; NLR, neutrophil/lymphocyte ratio; PNI, 

prognostic nutritional index; RBC, red blood cell.
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Table 2.4. Demographics and clinical characteristics of patients dichotomized according to the optimal cut-off value of prognostic nutritional index before and 

after propensity score matching

Before propensity score matching After propensity score matching

Variable
PNI ≥35 group

(n = 469)

PNI <35 group

(n = 580)
SMD P-value

PNI ≥35 group

(n = 323)

PNI <35 group

(n = 323)
SMD P-value

Age, year 54.0 ± 14.9 56.3 ± 16.5 0.145 0.015 55.0 ± 15.2 55.7 ± 16.3 0.042 0.577

Sex, male 380 (81.0) 470 (81.0) <0.001 >0.999 261 (80.8) 264 (81.7) 0.024 0.845

Body mass index, kg/m2 23.3 ± 3.3 23.4 ± 3.5 0.035 0.561 23.4 ± 3.3 23.1 ± 3.3 -0.065 0.376

ASA physical status 0.344 <0.001 0.031 0.733

≤2 312 (66.5) 286 (49.3) 201 (62.2) 196 (60.7)

≥3 157 (33.5) 294 (50.7) 122 (37.8) 127 (39.3)

Diabetes mellitus 31 (6.6) 59 (10.2) 0.118 0.046 23 (7.1) 31 (9.6) 0.082 0.312

Hypertension 69 (14.7) 122 (21.0) 0.155 0.010 54 (16.7) 59 (18.3) 0.038 0.672

Heart failure 6 (1.3) 6 (1.0) -0.024 0.775 4 (1.2) 4 (1.2) 0.000 1.000

ESRD 11 (2.3) 32 (5.5) 0.139 0.012 9 (2.8) 12 (3.7) 0.041 0.648

COPD 4 (0.9) 2 (0.3) -0.087 0.416 2 (0.6) 2 (0.6) 0.000 1.000

Smoking -0.201 0.002 -0.007 >0.999
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Non-smoker 265 (56.5) 383 (66.0) 194 (60.1) 195 (60.4)

Current-smoker 204 (43.5) 197 (34.0) 129 (39.9) 128 (39.6)

TBSA burned, % 29.4 ± 20.1 39.4 ± 22.6 0.439 <0.001 32.7 ± 21.0 34.5 ± 21.3 0.081 0.234

Burn type -0.094 0.153 0.048 0.608

Flame burn 320 (68.2) 420 (72.4) 223 (69.0) 216 (66.9)

Non-flame burn 149 (31.8) 160 (27.6) 100 (31.0) 107 (33.1)

Inhalation injury 138 (29.4) 185 (31.9) 0.053 0.420 92 (28.5) 86 (26.6) -0.040 0.656

Hemoglobin, g/dL 12.9 ± 2.6 11.6 ± 2.4 -0.515 <0.001 12.2 ± 2.3 12.1 ± 2.4 -0.030 0.682

Platelet count, 109/L 292.9 ± 150.5 197.9 ± 136.1 -0.698 0.001 255.7 ± 121.1 239.1 ± 155.6 -0.122 0.057

Prothrombin time, INR 1.08 ± 0.17 1.16 ± 0.25 0.325 <0.001 1.10 ± 0.18 1.13 ± 0.26 0.126 0.078

Creatinine, mg/dL 0.79 ± 0.44 0.89 ± 0.79 0.130 0.012 0.81 ± 0.41 0.81 ± 0.66 0.009 0.862

Lactic acid, mmol/L 2.1 ± 1.6 2.6 ± 1.9 0.259 <0.001 2.2 ± 1.8 2.3 ± 1.5 0.042 0.524

Data are expressed as mean ± standard deviation or number of patients (%), as appropriate. PNI, prognostic nutritional index; SMD, standardized difference; 

ASA, American Society of Anesthesiologists; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; TBSA, total body surface area; 

INR, international normalized ratio.
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Table 2.5. Intraoperative data after propensity score matching in burn-injury patients 

Variables
All patients

(n = 646)

PNI ≥35 group

(n = 323)

PNI <35 group

(n = 323)
P-value

Operation time, min 96.6 ± 59.8 95.7 ± 63.8 97.6 ± 55.6 0.689

Anesthesia time, min 142.2 ± 65.5 142.2 ± 68.8 142.3 ± 62.2 0.976

Crystalloid amount, mL/kg 20.0 ± 13.0 19.2 ± 12.0 20.7 ± 13.8 0.120

Colloid amount, mL/kg 12.1 ± 8.5 11.9 ± 9.2 12.3 ± 7.7 0.549

RBC transfusion rate 538 (83.3) 264 (81.7) 274 (84.8) 0.343

Urine output, mL 321.2 ± 333.1 332.3 ± 363.4 310.1 ± 300.0 0.399

Intraoperative hypotension 183 (28.3) 89 (27.6) 94 (29.1) 0.723

Variables are presented as mean ± standard deviation or number of patients (%). RBC, red blood cell. 
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PART 3

De Ritis ratio as a predictor of 1-year mortality after burn surgery

This part was accepted and will be published in Burns.79
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3.1 INTRODUCTION

Burn is a devastating injury and the fourth most common type of trauma.80 Burn injury can lead to high 

morbidity and mortality.25,81 Furthermore, it causes multisystemic stress and uncontrolled systemic 

inflammatory responses of infectious and non-infectious etiology, including the presence of necrotic 

tissue, ischemic–reperfusion injury, and translocation of endotoxins.1,82 These detrimental conditions 

lead to marked hypermetabolism and catabolism, resulting in end-organ failure and death.82 Therefore, 

assessing and predicting independent risk factors are important to reduce burn-related consequences.

The De Ritis ratio, which is defined as the ratio of the serum aspartate aminotransferase (AST) 

level to the serum alanine aminotransferase (ALT) level, can be easily calculated from a preoperative 

routine laboratory test. It is utilized to differentiate causes and predict the prognosis of liver disease.22

Furthermore, it is a prognostic factor for the mortality of various cancers, including urothelial and 

pancreatic cancers.23,24 Compared to ALT, AST is distributed in various tissues and elevated in liver 

disease and other conditions such as end-organ failure and the hypermetabolic status.83 Therefore, AST 

and ALT can increase disproportionately in critical conditions, and the De Ritis ratio may change 

accordingly. An increased De Ritis ratio could predict poor survival in peripheral arterial occlusive 

disease and chronic heart failure, which are accompanied by cell metabolism abnormality and anaerobic 

glycolysis.84,85 Particularly, burn injury can induce significant metabolic derangement, decrease organ 

perfusion, and cause end-organ failure,1 leading to an increased De Ritis ratio. However, no study has 

specifically evaluated the predictive value of the De Ritis ratio for poor outcomes after burn surgery. 

Therefore, this study aimed at evaluating the independent risk factors for 1-year mortality after 

burn surgery. We focused on the preoperative De Ritis ratio as a risk factor for burn surgery-related 

mortality. In addition, other postoperative outcomes, such as durations of hospital and intensive care 

unit stays, acute kidney injury, and major adverse cardiac events, were evaluated.
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3.2 METHODS

Patients 

This retrospective study was approved by the Institutional Review Board of the Hangang Sacred Heart 

Hospital, Seoul, Republic of Korea (approval number: HG 2020-015), and the requirement for written 

informed consent was waived owing to the retrospective study design. We retrospectively evaluated

patients with burn injuries aged ≥18 years who had been admitted to the burn intensive care unit (ICU) 

and treated with burn surgery from October 2009 to September 2019 at the Burn Center, Hangang 

Sacred Heart Hospital, Hallym University, Seoul, Republic of Korea. Patients with incomplete medical 

records were excluded. Data of the first burn surgery were used for patients who had undergone several 

burn surgeries. 

Anesthetic and surgical techniques33

General anesthesia was performed according to our institutional standards for burn surgery.25,81 General 

anesthesia was induced with propofol and rocuronium and maintained with desflurane or sevoflurane 

and a mixture of 50% nitrous oxide and 50% oxygen. End-tidal carbon dioxide concentration was 

maintained at 30–35 cmH2O by adjusting the tidal volume and respiratory rate. Crystalloids, such as 

plasma solution A (CJ Pharmaceutical, Seoul, Korea) or lactated Ringer’s solution, were administered 

at a rate of 6–10 mL/kg/h, and a colloid, such as Volulyte (Fresenius Kabi, Bad Homburg, Germany), 

was administered. Red blood cells (RBCs) were transfused at a hemoglobin concentration <8 g/dL. The 

mean arterial blood pressure was maintained above 65 mmHg. When the mean arterial blood pressure 

was <65 mmHg for at least 5 min, additional fluids or vasoactive drugs, such as ephedrine, 

phenylephrine, and norepinephrine, were administered. 

Surgeries included burn wound excision, fasciotomy, escharotomy, cadaveric skin grafting, and 

split-thickness skin grafting. The necrotic burn area was removed up to a possible depth with tangential 

excision for smaller burns and fascial excision for larger burns according to the burn depth. For rapid 

and permanent closure of full-thickness burns, split-thickness skin grafting was performed as the 

standard surgical procedure. Extensive burns often required temporary coverage with skin substitutes,
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a cadaveric skin graft, or a dermal analogue (AlloDerm, Epicel, Biobrane, or Integra) when the donor 

skin was deficient or unavailable.37

Data collection

Demographic and preoperative data included age, sex, body mass index, American Society of 

Anesthesiologists (ASA) physical status, comorbidities (diabetes mellitus and hypertension), total body 

surface area (TBSA) burned, burn type, inhalation injury, and preoperative laboratory variables (serum 

hemoglobin, creatinine, albumin, AST, and ALT levels and the De Ritis ratio). Intraoperative data 

included operation time, crystalloid and colloid amounts, and the RBC transfusion rate and amount. 

Postoperative complications included 1-year mortality, durations of hospital and ICU stays, acute 

kidney injury, and major adverse cardiac events. Acute kidney injury was defined according to the 

Kidney Disease: Improving Global Outcomes criteria.25,86. Major adverse cardiac events were defined 

as the development of one or more of the following conditions: acute myocardial infarction, congestive 

heart failure, arrhythmia, and nonfatal cardiac arrest.87

Definition of the De Ritis ratio

The De Ritis ratio was calculated within 3 preoperative days with the following formula: AST 

(IU/L)/ALT (IU/L).22

Statistical analysis

Continuous variables are expressed as mean ± standard deviation. They were compared with Student’s 

t-test or Mann–Whitney U test. Categorical variables are expressed as number of patients (%). They 

were compared with the chi-square or Fisher’s exact test. The Cox proportional hazard model was used 

for univariate and multivariate analyses of the risk factors associated with 1-year mortality after burn 

surgery. All covariates with P <0.05 in the univariate Cox logistic regression analysis were included in 

the multivariate Cox logistic regression analysis with the backward conditional method. The ability of 

the preoperative De Ritis ratio to predict postoperative 1-year mortality was determined by calculating 

the area under the receiver operating characteristic (ROC) curve. The optimal cutoff value of the De 
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Ritis ratio was set as the value with the highest sensitivity and specificity. Kaplan–Meier survival 

analysis with the log� rank test was performed to compare the 1-year survival after burn surgery 

between the two groups, which were dichotomized according to the optimal cutoff value of the De Ritis 

ratio for predicting postoperative 1-year mortality. All statistical analyses were performed using SPSS®

software version 21.0 (IBM, Armonk, NY, USA). A P-value <0.05 was considered to be statistically 

significant.
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3.3 RESULTS

A total of 1,362 patients in the burn ICU who had undergone burn surgery from October 2009 to 

September 2019 was retrospectively reviewed. After excluding 118 patients because of incomplete 

medical records, 1,244 patients were finally included (Fig. 3.1). 

The incidence of overall 1-year mortality after burn surgery was 19.9% (247 of 1,244 patients). 

Tables 3.1 and 3.2 show demographic, preoperative, and intraoperative data. The survival and non-

survival groups significantly differed in age; ASA physical status; diabetes mellitus; hypertension; 

TBSA burned; burn type; inhalation injury; serum creatinine, albumin, and AST levels; the De Ritis 

ratio; operation time; crystalloid and colloid amounts; and the RBC transfusion rate and amount. 

Univariate Cox regression analysis revealed that 1-year mortality after burn surgery was 

significantly associated with the De Ritis ratio, age, ASA physical status, diabetes mellitus, hypertension, 

TBSA burned, burn type, inhalation injury, serum creatinine and albumin levels, operation time, 

crystalloid and colloid amounts, and the RBC transfusion rate. Multivariate Cox regression analysis 

with the backward conditional method revealed that 1-year mortality after burn surgery was 

significantly associated with the De Ritis ratio (hazard ratio [HR], 1.105; 95% confidence interval [CI], 

1.055–1.158; P <0.001), age (HR, 1.041; 95% CI, 1.031–1.052; P <0.001), ASA physical status (HR, 

2.792; 95% CI, 1.982–3.932; P <0.001), diabetes mellitus (HR, 2.095; 95% CI, 1.460–3.005; P <0.001), 

TBSA burned (HR, 1.054; 95% CI, 1.047–1.062; P <0.001), inhalation injury (HR, 1.427; 95% CI, 

1.092–1.866; P = 0.009), the serum creatinine level (HR, 1.381; 95% CI, 1.181–1.614; P <0.001), and 

the serum albumin level (HR, 0.696; 95% CI, 0.582–0.832; P <0.001; Table 3.3). The ROC curve 

analysis revealed that the area under the curve for the De Ritis ratio to predict postoperative 1-year 

mortality was 0.716, with an optimal cutoff value of 1.9, a sensitivity of 60.7%, and a specificity of 

73.9% (Fig. 3.2).

The 1-year mortality rate after burn surgery was significantly higher in patients with a De Ritis 

ratio >1.9 than in those with a De Ritis ratio ≤1.9 (35.8% vs. 11.8%, P <0.001; Table 3.4). Kaplan–

Meier survival analysis showed that the survival rate was significantly higher in patients with a De Ritis 

ratio ≤1.9 than in those with a De Ritis ratio >1.9 (log-rank test, P <0.001; Fig. 3.3). In addition, ICU 
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stay, acute kidney injury, and major adverse cardiac events were significantly higher in patients with a 

De Ritis ratio >1.9 than in those with a De Ritis ratio ≤1.9 (P = 0.006, P <0.001, and P <0.001, 

respectively).
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3.4 DISCUSSIONS

In the present study, the independent risk factors for 1-year mortality after burn surgery were the 

preoperative De Ritis ratio, age, ASA physical status, diabetes mellitus, TBSA burned, inhalation injury, 

and serum creatinine and albumin levels. The optimal cutoff value of the De Ritis ratio to predict 

postoperative 1-year mortality was 1.9. Furthermore, the postoperative 1-year mortality rate was 

significantly higher in patients with a De Ritis ratio >1.9 than in those with a De Ritis ratio ≤1.9. To the 

best of our knowledge, this was the first study to reveal that the De Ritis ratio, which is the AST/ALT 

ratio, is significantly associated with burn surgery-related mortality. 

Serum AST and ALT levels are commonly determined in the preoperative laboratory test. AST 

and ALT are enzymes released from liver cells, and their levels are elevated in liver cell damage.88 ALT 

is localized in the cellular cytoplasm, enriched in the liver, and it is a specific marker of liver injury. In 

contrast, AST is localized in both the cytoplasm (20% of total) and mitochondria (80% of total) and 

located in various tissues such as the liver, heart, skeletal muscle, kidney, brain, pancreas, lungs, 

leukocytes, and erythrocytes.89 The AST/ALT ratio was first introduced in 1957 by Fernando De Ritis 

et al. and has been used as a prognostic factor for several liver diseases and malignancies.22-24,89

Furthermore, the De Ritis ratio may increase in several diseases with tissue damage, such as peripheral 

arterial occlusive disease and chronic heart failure.84,85

This study demonstrated that the preoperative De Ritis ratio was an independent risk factor for 

1-year mortality after burn surgery. Compared to ALT, which increases in liver damage, AST tends to 

increase in tissue ischemia and hypoxia because of hypermetabolism and increase in end-organ failure 

because of inflammation and apoptosis.83 The elevation of AST is related to the anaerobic fermentation 

of glucose in tissue ischemia and post-ischemic inflammation.90,91 Patients with burn injuries who have 

a hypermetabolic status need large amounts of oxygen and nutrients, which can cause temporary 

ischemia and hypoxia in multiple cells and tissues.92 Furthermore, burn injury causes massive tissue 

destruction by activating inflammation and apoptosis.1 Ultimately, burn injury causes decreased organ 

perfusion and end-organ failure.1 These sequences are a major pathophysiological pathway in burn 

injury.25 As a result, patients with burn injuries may have elevated AST levels and an increased De Ritis 
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ratio. Therefore, the increased De Ritis ratio could be a potential risk factor for mortality in patients 

with burn injury. 

Our study revealed that a De Ritis ratio of 1.9 was the optimal cutoff value to predict 1-year 

mortality after burn surgery. Previous studies have demonstrated various cutoff values, ranging from 

0.9 to 2.0.84,85,93,94 A De Ritis ratio >0.9 was significantly associated with the functional severity of 

chronic heart failure,85 and the De Ritis ratio >1.3 was associated with poor survival in patients 

undergoing surgery for urothelial carcinoma.93 Similar to our results, a previous study showed that a De 

Ritis ratio >2.0 was an independent prognostic factor of distal cholangiocarcinoma after surgery.94 In 

the present study, patients with a De Ritis ratio >1.9 were at a high risk of 1-year mortality after burn 

surgery. Therefore, meticulous management should be performed to minimize burn surgery-related 

mortality in patients with an increased De Ritis ratio. 

We found that older age and ASA physical status class ≥III were significantly associated with 1-

year mortality after burn surgery. The elderly patients with burn injuries are particularly susceptible to 

poor outcomes because of restricted physiological reserves and multiple medical comorbidities.95,96

Previous studies demonstrated that the elderly patients with burn injuries had a higher mortality 

compared to younger patients.97,98 Furthermore, an ASA physical status class ≥III was significantly 

associated with 1-year mortality after burn surgery. Patients with an ASA physical status class of III had 

severe systemic diseases and an increased mortality rate after surgery. The 30-day mortality rates after 

surgery in patients with ASA physical status class I, II, III, IV, and V were approximately 0.02%, 0.14%, 

1.41%, 11.14%, and 50.87%, respectively.75 Therefore, these findings suggested that the elderly patients 

with a higher ASA physical status class may have poor postoperative outcomes in burn surgery. 

We found that diabetes mellitus increased the risk of 1-year mortality after burn surgery. Patients 

with diabetes mellitus have pathophysiologic alterations, such as peripheral neuropathy, vascular supply 

insufficiency, and immune function impairment.99 Diabetes mellitus adversely affects the morbidity and 

mortality of patients with burn injuries.100 In contrast, a previous study showed that mortality rates were 

slightly higher in patients with diabetes mellitus, but without statistical significance.101 Despite these 

controversies, the hyperglycemic state, including undiagnosed and diagnosed diabetics mellitus, is 
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considered to be an evidence of increased morbidity and mortality.102 This topic clearly requires further 

investigation. 

A high percentage of TBSA burned and the presence of inhalation injury were significantly 

associated with 1-year mortality after burn surgery. In patients with a high percentage of TBSA burned, 

catabolic and immunocompromised states were persistent, and risks of complications, such as infection, 

sepsis, and end-organ failure, could increase.103 Furthermore, these patients needed more extensive and 

multiple operations owing to the lack of autologous skin.104 In line with our study, several previous 

studies demonstrated that these patients had a significantly higher mortality.105 The inhalation injury 

included a variable combination of thermal injury of the upper airways, bronchial and alveolar mucosal 

irritation and inflammation, loss of ciliated epithelium, systemic effects of toxins, and secondary 

systemic inflammatory effects on the lung and systemic organs.106 Inhalation injury is a predictor of 

mortality in patients with burn injury. Therefore, the accurate diagnosis and appropriate therapy are 

critical for better outcomes in patients with a high percentage of TBSA burned or inhalation injury.

Preoperative serum creatinine and albumin levels were risk factors for 1-year mortality after burn 

surgery. The preoperative serum creatinine level could increase because of renal blood flow reduction 

and damage in patients with burn injuries who had inappropriate initial fluid resuscitation.25

Furthermore, the elevated preoperative serum creatinine level is associated with acute kidney injury, 

which is a major contributor of mortality in patients with burn injury.25 In the present study, the 

decreased preoperative serum albumin level was a risk factor for 1-year mortality after burn surgery. 

The serum albumin level has been widely used to evaluate nutritional and systemic inflammatory 

aspects of patients with burn injury.67,68 Hypoalbuminemia reflects burn severity and is a predictor of 

morbidity and mortality in patients with burn injury.69 Therefore, preoperative evaluations of serum 

creatinine and albumin levels could provide useful information to predict burn surgery-related mortality.

This study had some limitations. First, our study had a retrospective design, which caused an 

inevitable selection bias. However, we considered almost all risk factors, including De Ritis ratio, 

related to 1-year mortality in patients with burn injury. Second, this study was performed at a single 

experienced center. Therefore, our results may not be generalizable to other types of facilities.
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3.5 CONCLUSION

The De Ritis ratio was significantly associated with 1-year mortality after burn surgery. The 

postoperative 1-year mortality rate was significantly higher in patients with De Ritis ratio >1.9 than in 

those with De Ritis ratio ≤1.9. Preoperative evaluation of the De Ritis ratio can be recommended owing 

to the simplicity and ease of performing the routine laboratory test and the advantage of predicting burn 

surgery-related mortality. 
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Figure 3.1. Flowchart of the study protocol. ICU, intensive care unit



59

Figure 3.2. Receiver operating characteristic curve analysis of the preoperative De Ritis ratio to predict 

1-year mortality after burn surgery shows an area under the receiver operating characteristic curve of 

0.716, with an optimal cutoff value of 1.9. The De Ritis ratio was defined as the aspartate 

aminotransferase-to-alanine aminotransferase ratio. AUC, area under the curve
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Figure 3.3. Kaplan–Meier curve for 1-year survival shows that the survival rate is significantly higher 

in patients with De Ritis ratio ≤1.9 than in those with De Ritis ratio >1.9. The De Ritis ratio was defined 

as the aspartate aminotransferase-to-alanine aminotransferase ratio.
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Table 3.1. Demographic and preoperative data of 1,244 patients with burn injuries  

Variables
Survival group

(n = 997)

Non-survival group

(n = 247)
P-value

Age, years 53.9 ± 15.4 59.3 ± 16.4 <0.001

Sex, male 800 (80.2) 199 (80.6) 0.929

Body mass index, kg/m2 23.5 ± 3.4 23.5 ± 3.4 0.984

ASA physical status <0.001

≤II 635 (63.7) 43 (17.4)

≥III 362 (36.3) 204 (82.6)

Diabetes mellitus 75 (7.5) 38 (15.4) <0.001

Hypertension 191 (19.2) 66 (26.7) 0.011

TBSA burned, % 30.4 ± 17.7 59.4 ± 25.2 <0.001

Burn type <0.001

  Flame burn 674 (67.6) 210 (85.0)

  Electrical burn 133 (13.3) 6 (2.4)

Others* 190 (19.1) 31 (12.6)

Inhalation injury 286 (28.7) 138 (55.9) <0.001

Hemoglobin level, g/dL 12.5 ± 2.7 12.7 ± 3.4 0.173

Creatinine level, mg/dL 0.77 ± 0.48 1.10 ± 0.76 <0.001

Albumin level, g/dL 3.0 ± 0.8 2.4 ± 0.8 <0.001

AST level, IU/L 58.3 ± 121.2 78.0 ± 123.0 0.022

ALT level, IU/L 37.2 ± 56.8 39.4 ± 80.7 0.618

De Ritis ratio† 1.6 ± 0.8 2.5 ± 2.2 <0.001

Data are shown as mean ± standard deviation or number of patients (%), as appropriate. *Others included 

scalding, contact, chemical, and spark burns. †The De Ritis ratio was defined as the AST/ALT ratio. 

ASA, American Society of Anesthesiologists; TBSA, total body surface area; AST, aspartate 

aminotransferase; ALT, alanine aminotransferase.
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Table 3.2. Intraoperative data of 1,244 patients with burn injuries

Variables
Survival group

(n = 997)

Non-survival group

(n = 247)
P-value

Operation time, min 93.7 ± 53.1 102.5 ± 46.0 0.018

Crystalloid amount, mL/kg 18.9 ± 13.1 25.1 ± 13.7 <0.001

Colloid amount, mL/kg 10.7 ± 7.2 12.8 ± 10.8 <0.001

RBC transfusion rate 786 (78.8) 240 (97.2) <0.001

RBC transfusion amount, unit 3.3 ± 2.7 6.0 ± 3.4 <0.001

Data are shown as mean ± standard deviation or number of patients (%) as appropriate. RBC, red blood 

cell.
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Table 3.3. Univariate and multivariate Cox regression analyses for risk factors associated with 1-year 

mortality after burn surgery in 1,244 patients with burn injuries  

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age 1.019 (1.011–1.027) <0.001 1.041 (1.031–1.052) <0.001

Sex, male 1.033 (0.754–1.416) 0.838

Body mass index 0.999 (0.963–1.036) 0.950

ASA physical status

≤II 1.000 1.000

≥III 6.896 (4.962–9.585) <0.001 2.792 (1.982–3.932) <0.001

Diabetes mellitus 1.966 (1.392–2.778) <0.001 2.095 (1.460–3.005) <0.001

Hypertension 1.464 (1.104–1.940) 0.008

TBSA burned 1.056 (1.050–1.062) <0.001 1.054 (1.047–1.062) <0.001

Burn type

Flame burn 1.000

Electrical burn 0.163 (0.073–0.368) <0.001

Others* 0.559 (0.384–0.815) 0.003

Inhalation injury 2.749 (2.138–3.534) <0.001 1.427 (1.092–1.866) 0.009

Hemoglobin level 1.031 (0.987–1.076) 0.173

Creatinine level 1.530 (1.383–1.692) <0.001 1.381 (1.181–1.614) <0.001

Albumin level 0.319 (0.262–0.388) <0.001 0.696 (0.582–0.832) <0.001

De Ritis ratio† 1.201 (1.164–1.240) <0.001 1.105 (1.055–1.158) <0.001

Operation time 1.003 (1.001–1.005) 0.014

Crystalloid amount 1.024 (1.017–1.030) <0.001

Colloid amount 1.023 (1.012–1.035) <0.001

RBC transfusion rate 8.191 (3.863–17.369) <0.001

All covariates (i.e. age, ASA physical status, diabetes mellitus, hypertension, TBSA burned, burn type, 

inhalation injury, creatinine and albumin levels, the De Ritis ratio, operation time, crystalloid and colloid 

amounts, and RBC transfusion rate) with a P <0.05 in the univariate Cox regression analysis were 

included in the multivariate Cox regression analysis with the backward conditional method. *Others 

included scalding, contact, chemical, and spark burns. †The De Ritis ratio was defined as the aspartate 

aminotransferase to alanine aminotransferase ratio. HR, hazard ratio; CI, confidence interval; ASA, 

American Society of Anesthesiologists; TBSA, total body surface area; RBC, red blood cell.
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Table 3.4. Postoperative outcomes of 1,244 patients with burn injuries dichotomized according to the 

optimal cutoff De Ritis ratio, i.e. 1.9

Variables
De Ritis ratio ≤1.9 

(n = 825)

De Ritis ratio >1.9 

(n = 419)
P-value

Hospital stay (days) 56 ± 36 60 ± 49 0.183

Intensive care unit stay (days) 23 ± 22 27 ± 25 0.006

Acute kidney injury 107 (14.8) 96 (25.9) <0.001

Major adverse cardiac events 119 (14.4) 105 (25.1) <0.001

One-year mortality 97 (11.8) 150 (35.8) <0.001

Data are shown as mean ± standard deviation or number of patients (%), as appropriate. The De Ritis 

ratio was defined as the aspartate aminotransferase to alanine aminotransferase ratio.
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CONCLUSION

In this doctoral thesis, the author evaluated risk factors for postoperative outcomes such as occurrence 

of AKI, MACE, and mortality after burn surgery.

In Part 1, the author evaluated risk factors for postoperative occurrence of AKI in burn surgery. 

Preoperative NLR, TBSA burned, and inhalation injury were independent risk factors for occurrence of 

AKI after burn surgery. The postoperative 3-month mortality was significantly higher in the AKI group 

than in the non-AKI group.

In Part 2, the author evaluated risk factors for the incidence of MACE after burn surgery. 

Preoperative PNI, age, ASA physical status, and TBSA burned were associated with the incidence of 

MACE after burn surgery. The incidence of MACE in the PNI <35 group was significantly higher than 

that the PNI ≥35 group. In addition, theD postoperative 1-year mortality was significantly higher in the 

MACE group than in the non-MACE group.

In Part 3, the author evaluated risk factors, including the De Ritis ratio, associated with 1-year 

mortality after burn surgery. Preoperative De Ritis ratio, age, ASA physical status, diabetes mellitus, 

TBSA burned, inhalation injury, and serum creatinine and albumin levels were independent risk factors 

for 1-year mortality after burn surgery. The postoperative 1-year mortality rate was significantly higher 

in patients with a De Ritis ratio >1.9 than in those with a De Ritis ratio ≤1.9.

These results suggest that NLR, PNI, and De Ritis ratio are useful risk factors for poor 

postoperative outcomes in burn surgery. Meticulous evaluation of these simple and easy markers should 

be recommended for critically ill patients with burn injuries. To our knowledge, this is the first study to 

evaluate independent risk factors for poor outcomes after burn surgery in a large population at a single, 

highly experienced center.
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ABSTRACT IN KOREAN

국문 초록

배경: 화상은 신장 및 심혈관 합병증과 사망을 유발할 수 있다. 호중구 대 림프구 비율

(Neutrophil/lymphocyte ratio) 은 전신 염증의 지표이며, 예후 영양 지표 (prognostic 

nutritional index) 는 수술 전후 영양 상태와 관련이 있다. 또한 aspartate 

aminotransferase/alanine aminotransferase로 정의되는 드 리티스 비율 (De Ritis ratio) 은

다양한 암의 사망률을 예측할 수 있다. 그러나 화상 환자의 수술 후 결과에 대한 호중구

대 림프구 비율, 예후 영양 지표, 그리고 드 리티스 비율의 예측 능력에 대해서는 알려진

바가 거의 없다. 따라서 저자는 다음 3개 부분에서 화상 수술에서 급성 신손상 (acute 

kidney injury), 주요 심장 부작용 (major adverse cardiac events), 사망과 같은 수술 후

합병증에 대한 위험 인자를 평가하였다.

제 1장

목적: 저자는 화상 환자에서 수술 후 급성 신손상의 위험 인자를 평가하였다.

방법: 화상 환자의 수술 전, 수술 중, 수술 후 변수에 대한 데이터를 수집하였다. 화상

수술 후 급성 신손상의 위험 인자는 일변량 및 다변량 로지스틱 회귀 분석을 사용하여

평가되었다. 수술 전 호중구 대 림프구 비율의 수용자 작용 특징 곡선 (receiver operating 
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characteristic) 분석을 시행하였다. 수술 후 3개월 사망률은 로그 순위 테스트 (log-rank test)

와 함께 카플란 마이어 방법 (Kaplan-Meier method) 을 사용하여 급성 신손상 그룹과 비-

급성 신손상 (non-AKI) 그룹을 비교하였다.

결과: 수술 후 급성 신손상은 473명 (15.0%)의 화상 환자 중 71명에서 발생하였다. 수술

전 호중구 대 림프구 비율 (오즈 비 (odds ratio) = 1.094; 95% 95% 신뢰구간 (confidence 

interval) = 1.064–1.125; P <0.001)), 화상총체표면적 (total body surface area burned) (오즈비 =

1.013; 95% 신뢰구간 = 1.001–1.026; P = 0.037), 흡입손상 (inhalation injury) (오즈비 = 1.821; 95% 

신뢰구간 = 1.008–3.292; P = 0.047)은 수술 후 급성 신손상의 위험 인자였다. 수술 전

호중구 대 림프구 비율의 수용자 작용 특징 곡선 아래 면적은 0.767이었고 최적 컷오프

값은 11.7이었다. 더욱이 수술 후 3개월 사망률은 비-급성 신손상 군보다 급성 신손상

군에서 유의하게 높았다 (49.3% vs. 14.9%, P <0.001).

결론: 수술 전 호중구 대 림프구 비율은 화상 수술 후 조기 사망률과 관련이 있는 급성

신손상의 위험 인자였다. 수술 전 호중구 대 림프구 비율은 화상 손상 환자의 수술 후

급성 신손상 및 사망률의 조기 발견에 유용한 정보를 제공할 수 있다.

제 2장

목적: 저자는 화상 수술 후 수술 전 예후 영양 지표가 주요 심장 부작용에 미치는

영향을 평가하였다.
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방법: 이 연구는 화상 수술 전에 화상 중환자실에 입원한 환자를 포함하였다. 예후 영양

지표는 10 × 혈장 알부민 농도 (serum albumin level) (g/dL) + 0.005 × 총 임파구수 (total 

lymphocyte count) (per mm3)로 계산되었다. 화상 수술 6개월 후 주요 심장 부작용의 위험

인자를 평가하기 위해 다변량 로지스틱 회귀 분석이 시행되었다. 예후 영양 지표의

수용자 작용 특징 곡선 분석이 시행되었다. 예후 영양 지표가 주요 심장 부작용에

미치는 영향을 평가하기 위해 선향 점수 매칭 분석 (propensity score-matched analysis)이

시행되었다. 카플란-마이어 분석은 주요 심장 부작용 군과 비-주요 심장 부작용 군 간의

수술 후 1년 사망률을 비교하기 위해 시행되었다.

결과: 화상 수술 후 주요 심장 부작용은 1049명의 환자 중 184명(17.5%)에서 발생하였다. 

예후영양지표, 나이, 미국마취과학회 (American Society of Anesthesiologists) 신체 상태,

화상총체표면적은 주요 심장 부작용과 유의한 관련이 있었다. 예후 영양 지표의 수용자

작용 특징 곡선 아래 면적은 0.729였다 (최적 컷오프 값 = 35). 선향 점수 매칭 후 예후

영양 지표 <35 군에서 주요 심장 부작용의 발생률은 예후 영양 지표 ≥35 군보다

유의하게 높았으며 (20.1% vs. 9.6%, P <0.001), 예후 영양 지표 <35는 주요 심장 부작용

증가와 관련이 있다 (오즈비 = 2.373, 95% 신뢰구간 = 1.499–3.757, P <0.001). 수술 후 1 년

사망률은 비-주요 심장 부작용 군보다 주요 심장 부작용 군에서 유의하게 높았다 (54.9% 

vs. 9.1%, P <0.001).

결론: 수술 전 예후 영양 지표는 화상 수술 후 주요 심장 부작용의 위험 인자였다. 예후
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영양 지표 <35는 주요 심장 부작용의 발생률 증가와 유의하게 연관되었다. 또한 주요

심장 부작용은 높은 수술 후 1년 사망률과 연관이 있었다.

제 3장

목적: 저자는 화상 수술 후 1년 사망률과 관련된 드 리티스 비율을 포함한 위험 요소를

평가하였다.

방법: 2009년부터 2019년까지 화상 수술을 시행 받은 환자를 후향적으로 평가하였다. 드

리티스 비율은 aspartate aminotransferase/alanine aminotransferase로 정의되었다. 화상 수술 후

1년 사망의 위험 인자를 평가하기 위해 다변량 콕스 회귀 분석을 실시하였다. 수술 후

1년 사망률을 예측하기 위해 드 리티스 비율의 수용자 작용 특징 곡선 분석을

시행하였다. 카플란-마이어 생존 분석도 시행하였다. 병원 및 중환자실 입원기간, 급성

신손상 및 주요 심장 부작용과 같은 기타 수술 후 결과를 평가하였다.

결과: 화상 수술 후 1년 사망은 1244명 중 247명 (19.9 %)에서 발생하였다. 화상 수술 후

1년 사망의 위험 인자는 드 리티스 비율, 연령, 미국마취과학회 신체 상태, 당뇨병, 

화상총체표면적, 흡입손상, 혈청 크레아티닌 농도 (serum creatinine level), 그리고 혈청

알부민 농도였다. 드 리티스 비율에 대한 수용자 작용 특징 곡선 아래 영역은 0.716 (최적

컷오프 값 = 1.9)이었다. 화상 수술 후 1년 사망률은 드 리티스 비율이 1.9 이하인 환자에

비해 드 리티스 비율이 1.9 초과인 환자에서 유의하게 높았다 (35.8 % vs. 11.8 %, P <0.001). 
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생존율은 드 리티스 비율이 1.9 초과인 환자보다 드 리티스 비율이 1.9 이하인 환자에서

유의하게 높았다 (로그-순위 테스트, P <0.001). 중환자실 입원기간, 급성 신손상 및 주요

심장 부작용은 드 리티스 비율이 1.9 이하인 환자보다 드 리티스 비율이 1.9 초과인

환자에서 유의하게 더 높았다 (P = 0.006, P <0.001, P <0.001).

결론: 수술 전 드 리티스 비율은 화상 수술 후 1년 사망의 위험 인자였다. 드 리티스

비율 1.9 초과는 화상 수술 후 1년 사망률 증가와 유의한 관련이 있었다. 이러한 결과는

화상 수술 후 사망률을 줄이기 위해 드 리티스 비율이 증가한 화상 환자를 식별하는

것의 중요성을 강조하였다.
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