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Are the preoperative albumin levels and the albumin to fibrinogen ratio the risk factors for acute infection after primary total joint arthroplasty?
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Background: Acute infection, such as periprosthetic joint infection and superficial surgical site infection, after primary total joint arthroplasty (TJA) is a serious complication, and its risk factors remain controversial. This study aimed to identify the risk factors for acute infection after primary TJA, especially the serological indicators that reflect preoperative nutritional statuses, such as albumin level and albumin to fibrinogen ratio (AFR).



Methods: We retrospectively reviewed patients who underwent elective primary hip or knee arthroplasty at our institution from 2009 to 2021. Potential risk factors of acute infection and demographic information were extracted from an electronic health record. Patients who suffered acute infection, such as PJI or SSI, after TJA were considered the study group. Non-infected patients were matched 1:2 with the study group according to sex, age, the involved joint (hip or knee), and year of surgery (control group). The variables of potential risk factors for acute postoperative infection (demographic characteristics, preoperative comorbidities and drug use, operative variables, and laboratory values) were collected and evaluated by regression analysis. Restrictive cubic spline regression analysis was also used to examine the relationship between preoperative serum albumin levels and acute postoperative infection.



Results: We matched 162 non-infected patients with 81 patients who suffered from acute postoperative infection. Among the patients who suffered from acute infection within 90 days after TJA, 18 were diagnosed with periprosthetic joint infection and 63 with surgical site infection. Low albumin levels were strongly associated with acute postoperative infection (95% confidence interval, 0.822–0.980; P = 0.015). This risk increased as preoperative albumin levels decreased, with a negative dose-response relationship (Poverall = 0.002; Pnonlinear = 0.089). However, there was no significant association between the AFR and acute infection after primary TJA (P = 0.100).



Conclusion: There is currently insufficient evidence to confirm the relationship between preoperative AFR and acute infection after elective primary TJA, while a lower preoperative albumin level is an independent risk factor for acute infection with a negative dose-response relationship. This suggests that optimal nutritional management may be benefited before elective primary TJA.
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Introduction

Total joint arthroplasty (TJA) has become a standard operation for treating various end-stage knee and hip joint diseases (1, 2). As the population ages, primary total hip arthroplasty (THA) is projected to increase to 635,000 procedures and primary total knee arthroplasty (TKA) to 1.26 million procedures in the USA by 2030 (3). Additionally, complications, such as infection after TJA, are also expected to increase sequentially. Postoperative infection of joint surgery includes periprosthetic joint infection (PJI) and superficial surgical site infection (SSI). Among them, PJI is one of the most severe complications after primary TJA, and it is accompanied by higher hospitalization costs, longer courses of treatment, and higher morbidity and mortality rates (4). Despite the considerable progress in preoperative optimization, PJI still occurs in up to 2% of primary TJAs (5). Acute postoperative infection occurs within 90 days after primary TJA (6). This infection aggravates the patient's physical pain and results in a heavier psychological burden for the poor recovery of their joint function, which greatly reduces their quality of life and satisfaction. Acute postoperative infection may be related to the patient's nutritional status or immunity (7–9). Therefore, identifying the risk factors for acute infection after primary TJA and optimizing the risk factors to reduce acute postoperative infection are important.

Preoperative malnutrition is a risk factor for increased complications after primary TJA (10, 11). At present, several single serological indicators or combined indicators have been reported to be useful to evaluate the preoperative nutritional status (9, 12). Among them, a low serum albumin level (<35 g/L) is considered one of the simplest and most widespread markers of malnutrition (13). Additionally, the albumin to fibrinogen ratio (AFR) is a biomarker for predicting the nutritional and inflammatory status and prognosis in patients with various malignancies (14, 15). Recently, a low AFR was found to be associated with postoperative infection after revision knee and hip joint arthroplasty (16). However, few studies have investigated the relationship of preoperative albumin levels and the AFR with acute infection after primary TJA.

Therefore, this study aimed to determine whether preoperative albumin levels and the AFR are risk factors for acute infection after primary TJA. We also investigated whether there is a negative dose-response relationship between preoperative albumin levels, the AFR, and acute postoperative infection. Furthermore, we examined whether other indicators, such as the red blood cell width, are risk factors for acute infection after primary TJA.



Materials and methods


Data source

We performed a single-center, retrospective study using an electronic medical record system. We included patients who suffered from acute infection (<90 days) after primary unilateral THA or TKA in our hospital from 2008 to April 2021 (Figure 1). Our study design was approved and was considered exempt by the Ethics Committee on Biomedical Research, West China Hospital of Sichuan University (approval no. 2021-868). All methods were performed in accordance with the relevant guidelines, regulations and the Declaration of Helsinki. This study protocol was registered in the Chinese Clinical Trial Registry (Registration number: ChiCTR2100048385).
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FIGURE 1
Flow chart showing the identification of the included infected group.




Study design and data collection

In addition to the study group, we also included non-infected patients 90 days after primary THA or TKA who were matched 1:2 with the study group according to sex, age, the surgically treated joint (hip or knee), and the year of surgery as the control group. Age and sex were matched to reduce the effect of demographic characteristics on the study results. The year of surgery was also matched to reduce the effect of different perioperative management practices on infection rates in different years. We excluded patients with incomplete information.

All the surgical procedures were performed by five surgeons in our department, using the same approach (poster-lateral approach for THA and medial parapatellar approach for TKA). We performed standardized perioperative management for all patients. A dose of 20 mg/kg intravenous TXA (IV-TXA) was given before incision and another two doses of 10 mg/kg or 1 g IV-TXA 3 and 6 h later. We started using cefuroxime 1,500 mg 0.5–1 h before surgery and intravenously administered cefuroxime 1,500 mg again 8 and 16 h after surgery to prevent infection. Low-molecular-weight heparin daily, starting 6 h postoperatively and given until discharge, then oral rivaroxaban 5 or 10 mg daily for 10 days to prevent venous thrombosis. There was no tourniquet used during the operation. No drainage tube or early removal of drainage tube after surgery. All the patients performed ankle or hip flexion and extension exercises in bed immediately after surgery, then progressive ambulation exercises with full weight bearing on the first or second postoperative day with the assistance of a walker or crutches.

Each matching cohort (one patient with acute postoperative infection and two matched controls) was obtained on the basis of a stratification number in conditional regression modeling. We collected the following information: demographic characteristics, preoperative comorbidities, immunosuppressive drug use, operative variables, and laboratory values. Demographic characteristics comprised age, sex, body mass index, and orthopedic diagnoses, such as osteoarthritis and rheumatoid knee arthritis. The BMI of subjects were stratified into underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5–22.9 kg/m2) overweight (BMI 23.0–24.9 kg/m2) and obesity (BMI ≥ 25.0) groups (17). Preoperative comorbidities included hypertension, type 2 diabetes, chronic obstructive pulmonary disease, coronary heart disease, autoimmune disease such as ankylosing spondylitis and rheumatoid arthritis, and preoperative immunosuppressive drugs such as corticosteroids and cyclophosphamide. We recorded operative variables, such as the method of anesthesia and the American Society of Anesthesiologists class. We also collected preoperative laboratory test results that may be risk factors for acute postoperative infection. All patients completed the following laboratory tests 3 days before surgery. These laboratory tests were hemoglobin concentrations, the erythrocyte sedimentation rate, C-reactive protein concentrations, the red blood cell count, the standard deviation of red cell distribution width, the coefficient of variation of red cell distribution width, platelet count, white blood cell count, neutrophilic granulocyte count, lymphocyte count, monocyte count, and serum albumin, globulin, and fibrinogen concentrations. The AFR was calculated as follows: AFR = albumin (g/L)/fibrinogen (g/L). The albumin was detected using the colorimetric method, and the kit was produced by Roche Diagnostics GmbH, Germany. The fibrinogen was detected using the coagulation method, and the assay reagent was produced by Siemens Healthcare Diagnostics GmbH, Germany.



Statistical analyses

Variables are shown as the mean ± standard deviation (SD) for continuous variables and the frequency (proportion) for categorical variables. A univariable analysis was performed to identify independent risk factors. A multivariable logistic regression analysis was carried out to evaluate the risk factors for acute postoperative infection in patients who underwent TJA. Odds ratios (ORs) for regression modeling and their 95% confidence intervals (CIs) were calculated. The level of significance level was set as P < 0.05. Data analyses were performed using IBM SPSS version 21 software (IBM Corp., Armonk, NY, USA). Furthermore, we used restrictive cubic spline regression analyses to detect relationships between preoperative albumin concentrations and acute postoperative infection using R version 3.6.1 (R Foundation for Statistical Computing).




Results


Patients’ demographics

Using the electronic medical record system in our hospital, we screened 21,369 primary TKA or THA, a total of 81 patients who suffered from acute postoperative infection were included, while 162 non-infected patients were matched. The acute postoperative infection rate was 0.38%. In the study group, 18 patients suffered from periprosthetic joint infections, and 63 suffered from SSI. Among them, 46 patients suffered from acute infection after TKA, and 35 patients suffered from acute infection after THA. Our population was predominantly women (69.14% vs. 30.86% men). The mean age at the time of surgery was (60.20 ± 11.02) years.



Univariable analysis of risk factors for acute postoperative infection

We first investigated the potential risk factors for acute infection after primary TJA using a univariable analysis. This analysis showed that serum albumin levels (P = 0.003), C-reactive protein concentrations (P = 0.012), and autoimmune diseases (P = 0.047) were associated with acute postoperative infection. There was no significant association between the AFR and acute infection after primary TJA (P = 0.100) (Table 1).


TABLE 1 Baseline characteristics of the patients and univariable analysis of risk factors for acute postoperative infection after TKA or THA.
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Multivariable analysis of risk factors for acute postoperative infection

We further examined the risk factors for acute infection using multivariable analysis by including the American Society of Anesthesiologists class, autoimmune disease, erythrocyte sedimentation rate, standard deviation of red cell distribution width, neutrophilic granulocyte count, albumin levels, AFR, and C-reactive protein concentrations, which had a P value <0.1 in the univariable analysis. We also accounted for age and sex as confounding variables in our multivariate logistic regression model. The Hosmer and Lemeshow Test showed that P = 0.929. It is considered that the information in the multivariable analysis has been fully extracted, and our model has a high goodness of fit. We found that only albumin levels were associated with acute postoperative infection (OR 0.897; 95% CI 0.822–0.980; P = 0.015). No associations were found between the AFR and other indicators and acute infection after primary TJA in multivariate analysis (OR 1.054; 95% CI 0.958–1.159; P = 0.283) (Table 2).


TABLE 2 Multivariable analysis of independent risk factors for acute postoperative infection after TKA or THA.
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Restrictive cubic spline regression analyses between preoperative albumin levels and acute postoperative infection

We examined the dose-response relationship between preoperative serum albumin levels and acute postoperative infection by using restrictive cubic spline regression analysis. We found that the risk of acute postoperative infection increased with a decrease in preoperative albumin levels in a negative dose-response relationship (Poverall = 0.002; Pnonlinear = 0.089) (Figure 2).


[image: Figure 2]
FIGURE 2
Dose-response relationship between preoperative albumin levels and the risk of acute postoperative infection.




TKA and THA sub-analysis

The univariable analysis showed that serum albumin levels (P = 0.002), C-reactive protein concentrations (P = 0.042), Red Cell volume Distribution Width- standard deviation (P = 0.01), monocyte count (P = 0.037), smoking (P = 0.009) were associated with acute infection after primary TKA (Table 3). Multivariate logistic regression analysis showed that albumin levels (OR 0.880; 95% CI 0.776–0.998; P = 0.046) and smoking (OR 20.122; 95% CI 1.598–253.334; P = 0.020) were associated with acute infection after primary TKA (Table 4).


TABLE 3 Univariable analysis of risk factors for acute postoperative infection after TKA and THA.
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TABLE 4 Multivariable analysis of independent risk factors for acute postoperative infection after TKA and THA.
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The univariable analysis showed that only serum albumin levels (P = 0.012) were associated with acute infection after primary THA. No significant associations were found between these indicators and acute infection after primary THA in multivariate analysis.



SSI sub-analysis

The univariable analysis showed that serum albumin levels (P = 0.004) and C-reactive protein concentrations (P = 0.036) were associated with acute SSI (Table 5). The multivariate logistic regression analysis showed that only albumin levels (OR 0.897; 95% CI 0.820–0.981; P = 0.017) were associated with acute SSI (Table 6).


TABLE 5 Univariable analysis of risk factors for acute SSI after TJA.
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TABLE 6 Multivariable analysis of independent risk factors for acute SSI after TJA.
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No significant associations were found between these indicators and acute PJI after primary TJA in the univariable and multivariate analysis due to the overly small sample size of acute PJI (18 cases). Therefore, large sample studies are needed to analyze the risk factors of acute PJI.




Discussion

Our study aimed to investigate various potential preoperative risk factors for acute infection after primary TJA. We especially focused on the patient's preoperative nutritional status such as albumin level, and AFR. We found that although there is currently insufficient evidence to confirm the relationship between preoperative AFR and acute infection after elective primary TJA, low albumin levels were still an independent risk factor for acute infection after TJA. Additionally, this risk increased with a decrease in preoperative albumin levels in a negative dose-response relationship. Most primary TJA is elective surgery. Therefore, our results emphasize the need for optimal nutritional management before surgery to reduce the risk of infection and unnecessary medical costs.

Acute infection after joint arthroplasty (e.g., PJI and SSI), which is defined as infection within 90 days after surgery, is a common complication of joint surgery (6, 18). PJI is one of the worst types of complications in hip and knee arthroplasty (5) and poses a large challenge to the medical community. Most patients with PJI require surgical intervention, usually multiple surgical procedures, which cause great physical pain to patients. PJI also causes an enormous financial burden to patients and resource use of hospitals and surgeons (19). SSI dramatically increases the risk of PJI, especially during the acute phase after surgery, because the articular cavity is exposed to a considerable number of infectious microorganisms (5).

Malnutrition is described as a situation in which an energy, protein, or other nutritional shortage or imbalance has observable negative consequences on body tissue, altered metabolism, and an increased risk of illness (20). In a laboratory test, malnutrition is defined as follows: albumin concentrations <3.5 mg/dl, total lymphocyte count <1,500/mm3, or serum transferrin concentrations <200 mg/dl (11, 21, 22). According to numerous studies, malnutrition is prevalent in older patients receiving TJA. Malnutrition is also associated with a considerable increase in postoperative complications, such as hematoma formation, and renal and cardiac complications (8, 9, 22–24). Albumin is an intuitive and sensitive marker, and it is most commonly used for nutritional screening (7, 22, 25). More importantly, albumin can be easily detected and corrected before elective surgery.

In addition to the serum albumin level being a reliable predictor to assess postoperative complications, it is also a risk factor for postoperative infection in orthopedic surgery. Kishawi et al. found substantial differences in 30-day postoperative complications after primary or revision TJA between patients with normal preoperative albumin concentrations and those with low albumin concentrations (7). Additionally, the rates of superficial and deep incisional surgical site infections were considerably increased in patients with low albumin concentrations. Daniel et al. also suggested that hypoalbuminemia was associated with an increased risk of SSI within 30 days following primary TJA (8). Their subsequent study showed that hypoalbuminemia was also associated with an increased risk of PJI in 30 days after revision TJA (24). Yi et al. reported that malnutrition was associated with an increased infection rate within 90 days after revision hip and knee surgery (9). Our study also showed that low albumin levels were an independent risk factor for acute infection (<90 days) after primary TJA. Albumin is synthesized by the liver. Nutrition and inflammation affect albumin synthesis (26). When patients suffer from malnutrition, their energy, protein, or amino acid supply is reduced, their albumin synthesis rate slows down, and serum albumin concentrations decrease (26, 27). Albumin also plays a crucial role in wound healing and immune function (28, 29). Therefore, the association between preoperative low albumin levels and acute postoperative infection is likely to be complex. One possible reason for this complex association is that patients with low albumin levels may suffer from a poor nutritional status and lack other vital vitamins and nutrients. This in turn could affect wound healing by decreasing collagen synthesis and fibroblast proliferation (7, 8, 28–30). Another possible explanation is that hypoalbuminemia might decrease inflammatory responses that would ordinarily combat infection (7, 9).

Fibrinogen, which is an acute-phase protein synthesized by the liver, rapidly increases in acute-phase conditions, such as bacterial infections and trauma (31). As a combined marker, the AFR is regarded as a predictive predictor for a variety of diseases. Recently, many studies have shown that the AFR has a great predictive value for the nutritional status and prognosis of disease. Claps et al. showed that a preoperative low AFR was a prognostic biomarker for worse time-to-progression, overall survival, and cancer-specific survival of patients with bladder cancer (32). Li et al. showed that the AFR can be used as a potential biomarker for predicting the patient's prognosis after renal cancer surgery, and improving the predictability of recurrence and survival (14). Zulipikaer et al. found that the AFR effectively reflected the nutritional, inflammatory, and coagulation status of patients undergoing revision TJA, and predicted acute PJI after revision TJA (16). Conversely, our study showed that there was no significant difference between the AFR and acute infection after primary TJA. In theory, using the AFR as a predictive marker may reduce the number of confounding factors that might arise when using albumin or fibrinogen alone. However, compared with the positive results of AFR in revision surgery by Zulipikaer et al. we believe that the physical and nutritional status of patients undergoing elective primary arthroplasty is much better than that of patients awaiting revision surgery. In the data of Zulipikaer et al. the proportion of patients with abnormally high fibrinogen levels (>4 g/L) was 25.1% in the aseptic revision cohort and as high as 68.3% in the septic revision cohort. In our two groups of patients, there was a small proportion (12.3% in the acute infection group and 8.6% in the uninfected group) of patients with abnormally increased levels of fibrinogen, and the abnormal values were only slightly higher than the normal high line value, so this will greatly affect the calculation of the combined index (AFR). Therefore, we think the conclusion that “AFR may be an effective biomarker to predict acute PJIs after revision TJA” could not be applied in elective primary joint arthroplasty. Indeed, our sample size was not large enough, which may result in a non-significant difference. Thus further studies with a larger sample size are required to confirm the relationship between the AFR and acute infection after primary TJA.

As for the univariate analysis, we found that patients with high preoperative CRP or who suffered from autoimmune diseases were associated with acute infection after primary TJA. The increased CRP before surgery indicates that the patient may be in an inflammatory state or have an occult infection somewhere in the body. Patients with autoimmune diseases (rheumatoid arthritis, ankylosing spondylitis) have long-term use of immune-suppressing drugs. Their immunity is often lower than normal, resulting in a higher risk of infection. However, these two potential risk factors were not statistically significant in the multivariate analysis. We believe this may be also related to the small sample size of this experiment.

Multivariate logistic regression analysis showed that albumin levels and smoking were associated with acute infection after primary TKA. Although our results showed smoking is significantly associated with acute infection after TKA, we still consider this needs to be proved with larger samples. Because females comprised the majority (76%) in our TKA cohort, and they have an extremely low smoking prevalence in contrast to the higher smoking rate among males in the TKA cohort. No significant associations were found between these indicators and acute infection after primary THA in multivariate analysis. But we still found that ALB may be a potential marker predicting acute infection after primary THA though did not reach a level of statistical significance (P = 0.051). In addition, the statistical trend was consistent with our previous results that albumin levels were associated with acute postoperative infection (OR 0.897; 95% CI 0.822–0.980; P = 0.015).

The multivariate logistic regression analysis showed that only albumin levels were associated with acute SSI. This result is similar to our previous results that combined PJI and SSI as acute postoperative infection. No significant associations were found between these indicators and acute PJI after primary TJA in the univariable and multivariate analysis due to the overly small sample size of acute PJI (18 cases). Therefore, large sample studies are needed to analyze the risk factors of acute PJI.

There are several limitations to this study. First, this study was retrospective and had the same biases inherent in other retrospective studies. Second, because of the low prevalence of acute PJI, there were only 18 acute PJI cases in this study. Third, owing to the limited overall sample size, the results of TKA and THA sub-analysis need to be further confirmed and must be interpreted with caution. Additionally, a well-designed, prospective study is required to further evaluate the predictive effect of the AFR on acute infection after primary arthroplasty.



Conclusion

There is currently insufficient evidence to confirm the relationship between preoperative AFR and acute infection after elective primary TJA, while a lower preoperative albumin level is an independent risk factor for acute infection with a negative dose-response relationship. Therefore, optimal nutritional management may be necessary before elective primary TJA.
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