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Background: The influence of recent influenza infection on perioperative outcomes is not completely understood.

Method: Using Taiwan’s National Health Insurance Research Data from 2008 to 2013, we conducted a surgical cohort study, which included 20,544 matched patients with a recent history of influenza and 10,272 matched patients without. The main outcomes were postoperative complications and mortality. We calculated odds ratios (ORs) and 95% confidence intervals (CIs) for the complications and for mortality in patients with a history of influenza within 1–14 days or 15–30 days compared with non-influenza controls.

Results: Compared with patients who had no influenza, patients with influenza within preoperative days 1–7 had increased risks of postoperative pneumonia (OR 2.22, 95% CI 1.81–2.73), septicemia (OR 1.98, 95% CI 1.70–2.31), acute renal failure (OR 2.10, 95% CI 1.47–3.00), and urinary tract infection (OR 1.45, 95% CI 1.23–1.70). An increased risk of intensive care admission, prolonged length of stay, and higher medical expenditure was noted in patients with history of influenza within 1–14 days.

Conclusion: We found that there was an association between influenza within 14 days preoperatively and the increased risk of postoperative complications, particularly with the occurrence of influenza within 7 days prior to surgery.
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Introduction

Influenza is a viral infection that causes morbidity and mortality, particularly in children, older populations, and those with chronic diseases. In 2018, a modeling study estimated that global influenza-associated respiratory mortality is between 290,000 to 650,000 annually (1), which is higher than that previously reported from the World Health Organization (250,000 to 500,000 annually) in 2016 (2). Influenza causes loss of life and heavy medical resource utilization, including approximately 61,100 lost life-years, 3.1 million hospital days, 31.4 million outpatient visits, $10.4 billion United States dollars (USD) in healthcare costs, and $16.3 billion USD in lost earnings associated with influenza complications in the United States (3). The estimated annual losses due to influenza were approximately $500 billion (USD), or 0.6% of the global income (4).

Influenza may lead to acute and profound immune responses in the respiratory tract. People infected with influenza have increased rates of complications and higher mortality, particularly those with chronic medical conditions, such as heart failure (5), chronic obstructive pulmonary disease (6), and end-stage renal disease (7). In addition, growing evidence has shown that influenza may be a trigger of acute myocardial infarction and stroke (8–10).

At least 312.9 million surgical procedures are performed annually worldwide, and this number is increasing (11). Postoperative complications and mortality are a substantial global public-health concern. In addition, it is possible that patients infected with influenza will also undergo surgery. However, limited data are available on outcomes after surgery in patients with a recent history of influenza. Some studies have reported that children with perioperative upper respiratory tract infections had increased postoperative respiratory and other complications after undergoing cardiac surgery (12, 13). It also has been reported that the risks of postoperative respiratory and cardiovascular complications are increased in adults with a recent respiratory infection (14, 15).

The optimal timing of elective surgery in patients with a recent history of influenza remains unclear and the influence of influenza on postoperative outcomes has not been fully studied. In the current practice guidelines of the Centers for Disease Control in Taiwan, there is no recommendation about patients with influenza before surgery. The policy of postponing surgery for patients with recent influenza has not been fully discussed and there are no related practice guidelines. Therefore, we conducted a real-world analysis, based on an insurance database to investigate possible adverse outcomes after major surgery in patients with a recent history of influenza. The aim of this study was to evaluate the postoperative complications and mortality in patients with and without recent influenza before surgery. Our hypothesis is that patients who had recent influenza before surgery may have more postoperative complications and higher postoperative mortality compared with surgical patients without influenza.



Methods


Source of data

In this study, we used research data from the national health insurance database in Taiwan, where more than 99% of 23 million people are covered by insurance. National health insurance is administered by the government, and we utilized a database that included demographic characteristics, physicians’ primary and secondary diagnoses, treatment procedures, prescriptions, and medical expenditures. Many scientific articles, based on this same research data, have been accepted by prominent journals worldwide for publication (16, 17).



Availability of data and materials

The data that support the findings of this study are available from the Ministry of Health and Welfare, Taiwan, but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the authors upon reasonable request and with permission of the Ministry of Health and Welfare, Taiwan. Researchers could contact the liaison and make application for the database using the following information: https://dep.mohw.gov.tw/dos/cp-2516-59203-113.html.



Ethical approval

According to the regulations of the Ministry of Health and Welfare, the electronic database was decoded and patient identifiers scrambled for further research access; therefore, the personal privacy of patients was protected and informed consent was not required. Our study waived the need of informed consent and it was approved by the institutional review board of Taipei Medical University (TMU-JIRB-202302005; TMU-JIRB-201910032; TMU-JIRB-201905042; TMU-JIRB-201902053). All methods were carried out in accordance with relevant guidelines and regulations. All experimental protocols were approved by the Institutional Review Board of Taipei Medical University.



Study design

Taiwan’s National Health Insurance Research Database is one of the large health care administrative databases in the world (18). In this study, we defined the current surgical cohort as all insured people who underwent major surgery in 2008–2013. From the health insurance research database, we identified 3,182,869 adults aged more than 18 years who underwent major surgery between 2008 and 2013. Of these, 28,139 were infected with influenza within 30 days prior to surgery. Supplementary Figure S1 shows the selection of study patients. This real-world analysis with propensity-score matching was conducted to balance the baseline characteristics of the three groups, including patients with influenza within 15–30 days preoperatively, patients with influenza within 1–14 days preoperatively, and a control group without preoperative influenza. Patients were matched in a 1:1:1 ratio, and age, low-income status, whether the operation took place in a medical center, coexisting medical conditions, types of surgery, and types of anesthesia were all considered in our propensity-score matching procedure.



Measures and definitions

We defined major surgery as surgical procedures requiring general, epidural, or spinal anesthesia as well as hospitalization for more than 1 day. All surgical patients who received major surgery were included in this study. The low-income status of patients was defined as those qualifying for waived medical copayments by criteria from the Ministry of Health and Welfare. Based on previous reports, the levels of surgical risk were categorized into low-risk, medium-risk, high-risk, heart surgery, and other (19, 20).

We used physician diagnosis and the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) to identify influenza, preoperative medical diseases, and postoperative complications. Based on our previous studies, preoperative medical diseases were determined from the 24-month preoperative period and included hypertension (ICD-9-CM 401–405), mental disorders (ICD-9-CM 290–319), diabetes (ICD-9-CM 250), ischemic heart disease (ICD-9-CM 410–414), chronic obstructive pulmonary disease (ICD-9-CM 491,492, 496), hyperlipidemia (ICD-9-CM 272.0, 272.1, 272.2, 272.4), liver cirrhosis (ICD-9-CM 571.2, 571.5, 571.6), and heart failure (ICD-9-CM 428). Renal dialysis was defined by administration codes (D8 and D9). The primary outcome was the 30-day in-hospital mortality following the index surgery for patients with and without influenza. Postoperative complications included postoperative bleeding (ICD-9-CM codes 998.0, 998.1, and 998.2), pneumonia (ICD-9-CM codes 480–486), septicemia (ICD-9-CM codes 038 and 998.5), urinary tract infection (ICD-9-CM code 599.0), deep wound infection (ICD-9-CM code 958.3), pulmonary embolism (ICD-9-CM code 415), acute renal failure (ICD-9-CM code 584), acute myocardial infarction (ICD-9-CM code 410), and stroke (ICD-9-CM codes 430–438). We also compared admission to intensive care, length of hospital stay, and medical expenditures following the index surgery for patients with and without influenza in the first 30-day postoperative period. According to the suggestions from the previous study (20), we considered postoperative pneumonia, septicemia, urinary tract infection, and acute renal failure as postoperative adverse events in this study.



Statistical analyses

The propensity-score matched-pair analysis was used to determine the association between influenza and our primary outcome (mortality after surgery). We developed a non-parsimonious, multivariable, logistic regression model to estimate a propensity score for the surgical patients with influenza. We used a propensity-score matched-pair design combined with frequency matching to balance the distribution of the covariates, including age, sex, low-income status, type of surgery, type of anesthesia, level of surgical risk, hypertension, mental disorders, diabetes, ischemic heart disease, chronic obstructive pulmonary disease, hyperlipidemia, liver cirrhosis, heart failure, and renal dialysis between surgical patients with and without influenza. For achieving a balance of covariates within matched pairs, we performed a structured, iterative approach to refine this logistic regression model using a 1:1 case–control match on the propensity score. We then matched (without replacement) patients who had influenza with those who did not by using a greedy matching algorithm. The algorithm proceeds sequentially to the lowest digit match on propensity score (1 digit). This is referred to as the 8–1 digit match.

To describe baseline characteristics, we expressed continuous variables as the mean ± standard deviation by using t-tests. The categorical variables are expressed as numbers (percentage) from using chi-square tests. We used logistic regression models to assess the risks of postoperative complications and mortality associated with influenza by calculating adjusted odds ratios (CIs) and 95% confidence intervals (CIs). We also performed subgroup analyses and evaluated the risks of pneumonia, septicemia, and urinary tract infection in patients with a recent history of influenza within 1–7, 8–14, or 15–30 days prior to surgery.




Results

Among 30,816 eligible surgical patients (Table 1), the results of matching by propensity score revealed no significant differences in age, sex, low-income status, type of surgery, type of anesthesia, level of surgical risk, or in the presence of hypertension, mental disorders, diabetes, ischemic heart disease, chronic obstructive pulmonary disease, hyperlipidemia, liver cirrhosis, heart failure, or renal dialysis among the three groups (no influenza, influenza within 1–14 days, and influenza within 15–30 days). Supplementary Table S1 shows the characteristics of surgical patients with and without influenza before matching.



TABLE 1 Characteristics of surgical patients with and without influenza (after matching).
[image: Table1]

In the logistic regression model (Table 2), surgical patients with a recent history of influenza within 1–14 days (OR 1.27, 95% CI 0.87–1.86) or 15–30 days (OR 0.84, 95% CI 0.55–1.28) had no increased risk of postoperative mortality when compared with surgical patients without influenza. However, surgical patients with a recent history of influenza within 1–14 days had an increased risk of pneumonia (OR 1.74, 95% CI 1.45–2.09), septicemia (OR 1.54, 95% CI 1.34–1.76), pulmonary embolism (OR 8.99, 95% CI 1.14–71.2), acute renal failure (OR 1.68, 95% CI 1.22–2.31), or urinary tract infection (OR 1.28, 95% CI 1.11–1.46) compared with those who had no influenza. An increased risk of admission to intensive care (OR 1.59, 95% CI 1.43–1.77), prolonged length of stay (8.2 ± 10.4 vs. 7.1 ± 8.7, p < 0.0001), and higher medical expenditures ($2,794 ± 4,039 vs. $2,496 ± 3,574 USD, p < 0.0001) were also noted in patients with a recent history of influenza within 1–14 days as compared to those without influenza.



TABLE 2 Adverse outcomes of surgical patients with and without influenza.
[image: Table2]

As shown in Figure 1, a recent history of influenza infection within 1–14 days was associated with postoperative adverse events in women (OR 1.31, 95% CI 1.16–1.48), men (OR 1.61, 95% CI 1.40–1.85), and people in the age groups 18–39 years (OR 1.58, 95% CI 1.30–1.92), 40–49 years (OR 1.29, 95% CI 1.00–1.65), 50–59 years (OR 1.83, 95% CI 1.46–2.29), and 60–69 years (OR 1.60, 95% CI 1.28–2.00). The association between a recent history of influenza within 1–14 days and postoperative adverse events was significant in patients who received general anesthesia (OR 1.41, 95% CI 1.27–1.58), regional anesthesia (OR 1.50, 95% CI 1.26–1.79), and those undergoing low-risk (OR 1.44, 95% CI 1.26–1.65) or medium-risk (OR 1.42, 95% CI 1.25–1.62) surgery. Additional information for stratified analysis for the association between influenza and postoperative adverse events could be achieved in Supplementary Table S2.

[image: Figure 1]

FIGURE 1
 The stratified analysis for the adjusted odds ratios (95% confidence intervals) of postoperative adverse events associated with influenza.


Preoperative influenza occurring within 1–7 days (OR 1.78, 95% CI 1.60–1.98) and 8–14 days (OR 1.14, 95% CI 1.02–1.28) was associated with adverse events after surgery (Table 3). We found the increased risk of postoperative adverse events in patients with influenza within 1–14 days preoperatively who had or had no influenza vaccination compared with those had no influenza. As shown in Figure 2, the adjusted ORs for a recent history of influenza within 1–7 days preoperatively for postoperative pneumonia, septicemia, acute renal failure, or urinary tract infection were 2.22 (95% CI 1.81–2.73), 1.98 (95% CI 1.70–2.31), 2.10 (95% CI 1.47–3.00), and 1.45 (95% CI 1.23–1.70), respectively.



TABLE 3 Adverse events in association with the characteristics of influenza.
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FIGURE 2
 Risks of postoperative pneumonia, septicemia, acute renal failure (ARF), and urinary tract infection (UTI) in association with time period of recent influenza.




Discussion

In this propensity-score matched study based on a real-world database, we found that patients with influenza within 14 days prior to surgery, and particularly those with influenza within 7 days prior to surgery, had increased risks of postoperative pneumonia, septicemia, acute renal failure, and urinary tract infection compared with those who did not. Prolonged length of hospital stays, increased medical expenditures, and increased chances of admission to intensive care following surgery were also found among patients with influenza as compared to those in the non-influenza control group. The association between influenza and postoperative adverse events was also found in varying subgroups, such as both sexes, age groups, those with comorbid underlying medical conditions, surgical risk, and anesthesia method.

Influenza viruses can infect not only the upper respiratory epithelium but also the lower respiratory tract (21). It can replicate in the tracheobronchial epithelium and cause viral pneumonia (21), which is the most common complication caused by influenza. In nasopharyngeal epithelial cells, the presence of influenza viruses is associated with increased S. pneumoniae colonization as well as increased bacterial attachment sites, possibly leading to secondary pneumococcal pneumonia (22). Besides the viral pneumonia caused by influenza viruses, damage to the respiratory tract may predispose individuals to secondary bacterial pneumonia and subsequent mortality.

As a rule, we would recommend that patients who have had influenza prior to surgery postpone surgery for 1 to 2 weeks. In pediatric surgical patients, preoperative respiratory history (nocturnal dry cough or wheezing ≥3 times in 12 months before surgery) and upper airway infection increase adverse perioperative respiratory events in children (12). To the best of our knowledge, there is minimal prior evidence or data on complications after surgery among adult patients who have had influenza prior to surgery. This study demonstrated that having had influenza prior to surgery increases the risk of postoperative pneumonia. This influence was significant within the first two weeks of infection.

According to previous studies, some patients have a higher risk of complications after influenza. These patients had the following characteristics: old age (over 65 years), pregnant or being within 2 weeks after delivery, residing in long-term care facilities, morbid obesity, chronic medical conditions (e.g., immunocompromising conditions, chronic lung disease, chronic heart disease, or chronic kidney disease), or receiving glucocorticoids or other immunosuppressive medications (23–27). Distinct from the patients mentioned above, our study revealed that influenza also had an influence on most of the surgical patients.

After influenza, the immune response shows similar pathways as with bacterial infection (28). Damage from the immune system response (21) and impaired antibacterial defenses (such as neutrophil apoptosis, inhibition of chemotaxis, and suppression of phagocytosis) (29) can lead to endothelial damage and microvascular permeability changes (30). Such responses are similar to those in bacterial infection that may further cause tissue edema and organ failure. A retrospective study estimated that influenza-associated sepsis in the USA is about 8.8 per 100,000 person-years (95% CI 3.9–16.5). Severe sepsis occurred in 73% of patients with influenza-associated critical illness, including acute respiratory failure, severe sepsis, or in-hospital death (31). A large prospective, multinational, and multicenter cross-sectional study in Southeast Asia found that 4% of all sepsis cases (n = 1,578) were due to influenza infection (32). In this study, the risk of postoperative septicemia was significant. Our study result was in agreement with previous studies referenced previously.

Post-influenza acute renal injury or failure was unusual. Previous reports were mostly case reports or small case series (33, 34). Pandemic influenza A (H1N1) 2009 virus infection, similar to seasonal influenza, worsened underlying medical conditions, including in the respiratory, cardiac, neurologic, and musculoskeletal systems, and increased the risk of secondary bacterial infections (35, 36). Different from seasonal influenza, influenza A (H1N1) 2009 has been shown to increase the risk of acute renal injury in critically-ill patients. The actual pathophysiologic mechanisms for the acute renal injury in patients with influenza are not known. Some theories for this have been suggested, including acute tubular necrosis contributing to renal hypoperfusion; rhabdomyolysis-related renal injury; or direct viral injury to the kidney (37–39). In patients hospitalized for influenza A (H1N1) 2009, the incidence of acute kidney injury was about 30–40% according to previous reports (40, 41). In our study, we demonstrated an increased risk of acute renal failure in surgical patients with influenza; the risk increased when the infection occurred within 7 days prior to surgery.

Limited information was available on postoperative mortality in patients who had recent influenza. The respiratory infection (respiratory symptoms, fever, and with antibiotics treatment) within one month before surgery was associated with increased risk of postoperative pulmonary complications (including postoperative respiratory infection, respiratory failure, pleural effusion, atelectasis, pneumothorax, bronchospasm, or aspiration pneumonitis). The thirty-day mortality was higher in patients with a complication when compared to those without influenza (15). However, our study revealed that the risk of postoperative 30-day in-hospital mortality was neither increased in the group of influenza 1–14 days nor the group of influenza 15–30 days when compared with patients without influenza. Our result being different from the previous study might be due to the different pre-surgical respiratory infection conditions (1–14 days and 15–30 days).

In Taiwan’s current medical practice guidelines and recommendations, there are no suggestions or statements for patients with influenza infection who receive surgery. Clinical physicians need to report to Taiwan’s Centers for Disease Control when their patients have influenza with severe complications. In the clinical settings, surgeons and anesthesiologists may discuss the possibility of postponing surgery for patients infected with influenza considering case-by-case factors, including the patient’s condition, the type of surgery, and the risk of complications. If a patient has a mild case of influenza, surgery may not be postponed in the usual clinical settings in Taiwan. The findings of our study provide the scientific evidence to show the potential risk of postoperative complications among patients with influenza who receive surgery. We suggest that surgery might need to be postponed or the patient’s condition fully considered for patients who had influenza infection before surgery.

Some study limitations must be noted with regard to interpreting our findings. First, the insurance database lacked information on sociodemographic characteristics, lifestyle information (e.g., smoking, alcohol drinking, and physical activity), laboratory data, and detailed characteristics of surgery (such as operation time, blood loss, and transfusion amount). Therefore, we were not able to evaluate their potential impact on perioperative outcomes in this study. Second, misclassification might have occurred in our study, because we were not able to definitively demonstrate that the non-influenza control group had not been infected with influenza. Some influenza-infected people may have been categorized as controls, if they lacked typical influenza symptoms and may have instead had been labeled as having the ‘common cold’. Thus, the impact of influenza on perioperative outcomes may have been underestimated in this study. Third, the severity and type of influenza may have varying influence on perioperative outcomes, but we were not able to evaluate either the severity or type of influenza in this study. Fourth, the current data in this study is a decade old, which could not present the latest status of the clinical situation in Taiwan. Fifth, we could not exclude the possibility that there may be false positive cases existing in the case group of influenza in this study. In addition, patients with severe influenza may not end up undergoing surgery after evaluation by the surgical team. Thus, the influenza group in this study may include patients who have minor signs or symptoms of influenza. Finally, the use of the propensity-matching method had its own limitations, especially regarding randomization and intended bias observed. Residual confounding effects are also possible in this study. Thus, caution was needed in interpreting the findings of this study.

In conclusion, we found that patients with a history of influenza within 14 days prior to surgery had increased risk of postoperative complications and increased medical resources utilization, particularly those patients who had influenza within 7 days prior to surgery. Our findings suggest that the surgical care team should consider the risks and benefits for patients with influenza who are planned to undergo major surgery.
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