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Abstract 

Background: The increasing incidence of healthcare-associated infections (HAIs) poses significant 

challenges to patient safety and healthcare quality, particularly in the field of anesthesia administration. 

Adherence to rigorous hand hygiene and sterilization practices is critical in mitigating the transmission of 

infectious agents during surgical procedures. 

Methods: This review synthesizes current literature on hand hygiene compliance and sterilization 

practices among anesthesia providers. It examines quantitative studies assessing infection rates related to 

surgical site infections (SSIs) and the efficacy of various hand hygiene interventions. Additionally, it 

evaluates multimodal infection prevention strategies implemented within anesthesia care teams. 

Results: Evidence indicates that compliance rates with hand hygiene protocols among anesthesia providers 

are alarmingly low, often below 50%. Furthermore, interventions such as the use of alcohol-based hand 

rubs and wearable disinfection devices significantly enhance compliance, leading to a measurable reduction 

in bacterial transmission and postoperative infection rates. Implementation of structured infection control 

bundles has proven effective in lowering SSIs, with studies demonstrating up to a 30% decrease in infection 

rates. 

Conclusion: Adopting a comprehensive, evidence-based approach to hand hygiene and sterilization 

practices is essential for the anesthesia care team to reduce HAIs and improve patient outcomes. 

Continuous education, monitoring, and the integration of innovative hygiene technologies are necessary to 

foster a culture of compliance and ensure the safety of surgical patients. 

Keywords: Hand hygiene, healthcare-associated infections, anesthesia, surgical site infections, infection 

control. 
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1. Introduction 

The danger of infection in the hospital environment is fundamental to anesthesia providers [1]. Recent 

evidence indicates that the anesthesia care team plays a crucial role in mitigating this risk by restricting the 

transmission of infectious flora through hand hygiene and sanitized work environments, timely 

prophylactic antibiotic administration, and the maintenance of optimal patient physiological conditions, 

such as normothermia and glucose management [2]. Loftus et al. [3] showed in a randomized controlled 

experiment (RCT) that fundamental preventative actions may substantially reduce the transmission and, 

consequently, the infections of Staphylococcus aureus [3]. In continuation of this RCT, Wall et al. assessed 

the feasibility and efficacy of these preventative interventions in mitigating the transmission of S. 

Staphylococcus aureus with subsequent surgical site infections (SSI) [4]. The results demonstrated 

unequivocal proof that the implementation of fundamental preventative measures was both practical and 

efficacious, warranting their inclusion in the standard treatment provided by anesthesiology personnel. 

Given the economic strain and the impact on patient quality of life associated with perioperative infections, 

it is imperative for hospital management and doctors to investigate strategies to enhance hand hygiene 

compliance and thereby diminish perioperative infections [5]. Relative to the substantial financial burdens 

linked to healthcare-associated infections (HAI), hand hygiene compliance is a cost-efficient strategy for 

enhancing quality with no additional expense [6]. 

 This detailed analysis will include background information about the current demography of HAIs 

and SSIs. Furthermore, acceptable hand hygiene techniques, particularly those related to perioperative 

infection management, are delineated. Finally, HH practices will be examined outside operating rooms 

(ORs) and in frequently used clinical settings, including pre-operative holding spaces for regional 

anesthesia and labor and delivery suites. 

2. Consequences and Demographics of Perioperative-Related Infections 

A healthcare-associated infection (HAI) is characterized as any illness that manifests between 48 hours and 

30 days after a patient's hospitalization or receipt of healthcare services [7]. Healthcare-associated 

infections (HAIs) are a major contributor to morbidity and mortality among patients receiving medical 

treatment in the United States, impacting 4–10% of all hospitalized individuals, resulting in over 700,000 

infections and around 99,000 fatalities annually [8-10]. The COVID-19 pandemic has significantly 

influenced healthcare-associated infections (HAIs) and the emergence of multidrug-resistant organism 

(MDR) infections [11]. Data from many countries during the pandemic indicated a general reduction in the 

rates of multidrug-resistant (MDR) organisms isolated from hospitalized patients, likely due to enhanced 

compliance with hand hygiene (HH), personal protective equipment (PPE), and social distancing measures 

[12-19]. 

The most prevalent healthcare-associated infections (HAIs) include catheter-associated urinary tract 

infections (CAUTIs), hospital-acquired pneumonia (HAPs), bloodstream infections (BSIs), and surgical site 

infections (SSIs) [20]. The Centers for Disease Control and Prevention (CDC) defines a surgical site infection 

(SSI) as an infection occurring in an incision, organ, or organ space involved in a surgical procedure, 

manifesting within 30 days post-surgery or 90 days if a prosthetic device has been installed [21]. 

The predominant microbes responsible for healthcare-associated infections (HAIs) are Enterococcus, 

Staphylococcus aureus, Klebsiella, Acinetobacter, Pseudomonas, and Enterobacter species. ESKAPE [22]. The 

frequent treatment of these often-involved organisms has resulted in heightened resistance and the 

emergence of multidrug-resistant diseases, a concerning trend. Methicillin-resistant Staphylococcus aureus 

(MRSA) is considered the predominant pathogen responsible for surgical site infections (SSIs) [23]. In 

addition to other forms of multidrug-resistant organisms like vancomycin-resistant enterococci (VRE), 

methicillin-resistant Staphylococcus aureus (MRSA) exhibits resistance to a broader spectrum of drugs than 

its designation suggests, resulting in heightened treatment difficulties [24-26]. Annually, almost 2 million 

individuals may get a multidrug-resistant illness, resulting in 23,000 fatalities among them. The in-hospital 
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mortality of a patient doubles at the onset of a multidrug-resistant illness, with Klebsiella pneumoniae and 

Escherichia coli as the predominant causal agents [27, 28]. Moreover, gram-negative bacterial infections, 

particularly from organisms like Klebsiella pneumoniae and Escherichia coli, constitute 70% of all 

healthcare-associated infections (HAIs) in intensive care units (ICUs) and contribute to up to 40% of all ICU 

fatalities [12]. 

The battle against HAIs and MDRs is complex, although the World Health Organization (WHO) and CDC 

have identified hand hygiene (HH) as a fundamental preventive measure [29, 30]. Despite the critical 

significance of hand hygiene (HH) in combating healthcare-associated infections (HAIs), healthcare 

personnel and anesthesia providers exhibit alarmingly low compliance rates of fewer than 50% and 23%, 

respectively [31]. A study of anesthesia practitioners revealed a gap in their understanding of the 

significance and opportunity for adequate hand hygiene (HH) [32]. 

3. The Anesthesia Care Team's Role in Mitigating Bacterial Infection Transmission 

Anesthesia practitioners' involvement in combating HAIs in surgical patients extends beyond the prompt 

delivery of antibiotics. Measures must be implemented to safeguard patients against ambient bacterial 

exposure in the operating room (OR) and to prevent anesthetic providers from serving as vectors for 

intraoperative bacterial transmission. Studies indicate that contamination of the anesthetic workspace 

occurs swiftly and extensively. Birnbach et al. discovered that following a 6-minute simulated intubation 

sequence, during which a fluorescent dye was introduced into the mannequin's oral cavity, the dye was 

detected on IV hubs in 100% of instances, as well as on medication syringes, the anesthesia keyboard, and 

the OR door handle in most cases [33]. Additional research has assessed the impact of this cross-

contamination on patient care and results. Loftus et al. [3] discovered a significant rise in bacterial 

contamination during general anesthesia, resulting in IV stopcock contamination in 32% of instances, an 

escalation in postoperative VRE sepsis, and an increase in fatality rates [34]. The same author determined 

in a later investigation that up to 16% of 30-day postoperative infections resulted from bacterial 

transmission originating in the anesthetic work area [8]. 

Due to the practical demands of clinical anesthesia and the substantial work density required of the 

anesthesia team, the frequency of hand hygiene indications may exceed 300 times per hour, as per the 

WHO's five moments for hand hygiene [35] (Figure 1). As work density increases, the need for more 

frequent HH rises correspondingly. The frequent hand hygiene needs, along with the acute and dynamic 

characteristics of the operating room environment, have resulted in a rate of 83% [36]. The need for 

consistent hand hygiene (HH) in the anesthetic work area (AWA) creates a demand for conveniently 

situated alcohol-based hand rub (ABHR). Numerous studies indicate that wearable ABHR resulted in 

heightened overall use and improved compliance with appropriate hand hygiene practices [37, 38].  

A comparable investigation revealed that the wearable ABHR device augmented hourly decontamination 

events by 27 times, concurrently decreasing bacterial transmission to stopcocks, AWA contamination, and 

30-day postoperative HAIs [39]. Analysis of identical wearable ABHR devices used in the ICU revealed a 

decrease in ventilator-associated pneumonia, underscoring the essential function of adequate hand hygiene 

in mitigating bacterial transmission in acute care settings [40]. Alongside enhanced access to ABHR and 

suitable HH procedures, further methods, such as double gloving during intubation followed by the prompt 

removal of contaminated gloves, have shown potential in mitigating bacterial transmission during 

anesthesia [41]. Although factors like improved environmental decontamination, meticulous management 

of intravascular access sites, and patient decolonization have demonstrated efficacy in combating SSIs, 

substantial evidence from a randomized clinical trial and extensive post-implementation analysis indicates 

that enhancing hand hygiene awareness and practices among anesthesia providers can significantly 

decrease the incidence of SSIs. Transmission of aureus and surgical site infections (SSIs) [42]. 
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Figure 1. The 5 moments of hand hygiene of WHO. 

 

4. Economic Consequences of SSI and HAI 

The financial impact of HAIs is substantial, with projected direct expenses ranging from $28 to $45 billion 

per year in the USA [43]. This figure significantly underrepresents overall expenses, since it excludes 

indirect costs related to missed income and productivity, death, and diminished leisure time, among others. 

However, the total expense of HH compliance is small, but the costs incurred by patients and healthcare 

systems due to non-compliance are substantial [44,45]. Chen et al. established that each dollar invested in 

health promotion had a benefit of $23.70 [44]. Moreover, the prevention of healthcare-associated infections 

(HAIs) yields substantial cost savings, with a mere 1% improvement in hand hygiene compliance at a 200-

bed hospital leading to an annual savings of $39,650 [45]. 
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Healthcare value, defined as (Value = Quality/Cost), has a negative correlation with healthcare-associated 

infections (HAI), whereby patients encounter diminished quality characterized by heightened mortality, 

pain, reduced quality of life, and lower satisfaction levels [46-48]. Health insurance companies have 

acknowledged the rising expenses associated with HAIs, leading to a trend of reduced payments to hospitals 

when a patient acquires a HAI. The alteration in compensation has resulted in a decrease in the incidence 

of HAIs and decreased the likelihood of acquiring an HAI within three years after the implementation of 

this policy adjustment [49]. Despite comprising around 20% of all healthcare-associated infections (HAIs), 

surgical site infections (SSIs) are regarded as the most expensive category of HAI [50,51]. Furthermore, SSIs 

correlate with a 2- to 11-fold elevation in mortality risk, with 75% of fatalities associated with SSIs being 

directly attributable to the infection. These concerns compel healthcare systems and hospital management 

to explore strategies for enhancing hand hygiene compliance, mitigating surgical infection risk, and 

ultimately improving patient outcomes [52]. 

5. Contemporary Protocols for Perioperative Infection Prevention 

Despite a dramatic reduction in the incidence of surgical site infections (SSIs) over the last decade, SSIs 

continue to be among the most prevalent and expensive healthcare-associated illnesses. The Centers for 

Disease Control and Prevention advocate for enhanced fundamental preventative strategies to diminish 

bacterial infections in surgical patients [53,54]. Pathogens often linked to surgical site infections (SSIs) 

include Staphylococcus aureus, coagulase-negative staphylococci, Enterococcus, and Escherichia coli [55]. 

Diverse institutions possess distinct practice criteria for their strategies for perioperative infection control, 

sometimes exhibiting some degree of overlap in implementation and compliance across different locations. 

A study conducted at the University of Iowa implemented a perioperative infection prevention bundle that 

included a multimodal program aimed at enhancing hand hygiene, intravascular catheter disinfection, 

environmental cleaning, and patient decolonization, optimized through OR PathTrac surveillance feedback, 

to tackle the intricate dynamics of intraoperative bacterial reservoirs [56-59].  

Therefore, a multimodal, evidence-based, and multifaceted strategy for perioperative infection prevention, 

which has demonstrated effectiveness in mitigating transmission and infection from patient skin sites, 

environmental surfaces, hands, intravascular catheter injection ports, and syringe tips, along with a 

surveillance system for continuous feedback, is expected to diminish perioperative transmission. 

6. Contemporary Guidelines for Hand Hygiene 

The WHO first released Guidelines on Hand Hygiene in 2006, followed by suggestions aimed at preventing 

the transfer of harmful organisms between patients and healthcare personnel [61-63]. The analysis and 

suggestions may be summarized in the World Health Organization's five moments of hand hygiene (Figure 

1). The first instant occurs before any physical interaction with patients, is aimed at safeguarding them from 

detrimental bacteria present on healthcare practitioners' hands. The usage of hand hygiene here prevents 

the colonization of patients and their environments by healthcare-associated bacteria. Secondly, hand 

hygiene should precede any clean or aseptic technique to safeguard patients at an elevated risk of infection 

transmission due to the disturbance of surface tissues. These deleterious bacteria may be found both inside 

and outside the patient area [64]. Healthcare practitioners may encounter contaminated surfaces in the 

patient area without direct contact with the patient. Third, hand hygiene should be initiated following any 

exposure to body fluids or potential exposure, as this safeguards the healthcare worker and the healthcare 

environment from potentially harmful patient microorganisms, diminishes the colonization of healthcare 

workers by organisms, and inhibits the transmission from a colonized area to a sterile area. The fourth 

moment instructs healthcare personnel to perform hand hygiene after each patient interaction, so averting 

the risk of healthcare workers and the healthcare environment serving as vectors. This should especially 

occur, if feasible, during the transition from the patient zone to the outside to prevent contamination and 

dissemination to the broader healthcare environment. Finally, hand hygiene should be performed after re-

engaging with the patient's environment to safeguard the healthcare practitioner and the surroundings 

from pathogenic bacteria in the patient area. 
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7. Supplementary Perioperative Circumstances 

Regional anesthesia procedures, including peripheral nerve blocks and neuraxial anesthesia, are prevalent 

in contemporary anesthesiology practice and provide additional concerns for HH. Infectious problems 

associated with peripheral nerve blocks and neuraxial anesthesia are seldom seen. Clinical practice 

guidelines advocate for the use of the WHO's five moments of hand hygiene during the execution of a 

regional procedure. Obstacles to hand hygiene compliance resemble those encountered in other domains 

of anesthetic practice. As previously stated, the availability of personal hand gel enhanced adherence among 

regional anesthetic teams [65]. Likewise, it was shown that alcohol-based hand hygiene was the most 

effective method before labor epidural insertion [66]. Continuous nerve catheters are becoming a prevalent 

method in regional anesthesia. Similar to other methods, the occurrence of infectious problems is 

infrequent. Complication risk variables include severely unwell patients, catheter use length, and 

anatomical location [67]. Maximal sterile precautions, similar to those used during epidural installation, 

are advisable for nerve catheter insertion [68]. Hand hygiene is a fundamental principle of aseptic 

technique and patient safety in regional and neuraxial anesthesia. Nevertheless, the potential for infection 

during these operations persists, presenting an opportunity for ongoing study in infection prevention 

within these domains. 

8. Conclusions 

An evidence-based, multimodal infection control approach for anesthetic work areas is essential to 

minimize pathogen transmission and prevent infection development. This encompasses hand hygiene, 

ambient sanitation, vascular management, and measures for enhancing patient decontamination, refined 

via feedback. A crucial aspect of intraoperative hand hygiene adoption is the closeness of providers, 

considering the rapid speed and high job density of the environment. Evidence indicates that anesthesia 

practitioners should aim for eight hand decontamination occurrences each hour according to the WHO's 

five moments of hand hygiene. Although intraoperative infection control is more complex than mere 

handwashing, hand hygiene is a crucial element of multimodal, evidence-based techniques that, when well 

implemented, may significantly decrease surgical site infections and pathogen transmission occurrences. 
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 تعزيز الامتثال لبروتوكولات نظافة اليدين والتعقيم في إدارة التخدير: مراجعة شاملة للممارسات والاستراتيجيات الحالية 

 الملخص 

تشكل تحديات كبيرة لسلامة المرضى وجودة الرعاية الصحية، لا سيما   (HAIs) إن الزيادة في حالات العدوى المرتبطة بالرعاية الصحية  :الخلفية

ية أثناء الإجراءات  في مجال إدارة التخدير. إن الالتزام بممارسات نظافة اليدين والتعقيم الصارمة أمر بالغ الأهمية في التخفيف من انتقال العوامل المعد

 .الجراحية
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تستعرض هذه المراجعة الأدبيات الحالية حول امتثال نظافة اليدين وممارسات التعقيم بين مقدمي خدمات التخدير. كما تفحص الدراسات  :الطرق 

الجراحة مواقع  في  بالعدوى  المتعلقة  العدوى  معدلات  تقيم  التي  تقيم  (SSIs) الكمية  ذلك،  إلى  بالإضافة  المختلفة.  اليدين  نظافة  تدخلات  وفعالية 

 .استراتيجيات الوقاية من العدوى متعددة الوسائط التي تم تنفيذها ضمن فرق رعاية التخدير

الامتثال لبروتوكولات نظافة اليدين بين مقدمي خدمات التخدير منخفضة بشكل مقلق، وغالباً ما تكون أقل من تشير الأدلة إلى أن معدلات   :النتائج

الامتثال،  %. علاوة على ذلك، فإن التدخلات مثل استخدام مطهرات اليد المعتمدة على الكحول وأجهزة التعقيم القابلة للارتداء تعزز بشكل كبير من  50

لحوظ في انتقال البكتيريا ومعدلات العدوى بعد الجراحة. لقد أثبت تنفيذ حزم التحكم في العدوى المنظمة فعاليتها في خفض مما يؤدي إلى تقليل م

 .% في معدلات العدوى30معدلات العدوى في مواقع الجراحة، حيث أظهرت الدراسات انخفاضًا يصل إلى 

ية  إن اعتماد نهج شامل قائم على الأدلة لممارسات نظافة اليدين والتعقيم أمر ضروري لفريق رعاية التخدير لتقليل العدوى المرتبطة بالرعا :الخاتمة

مرضى  ال  الصحية وتحسين نتائج المرضى. التعليم المستمر، والمراقبة، ودمج تقنيات النظافة المبتكرة ضرورية لتعزيز ثقافة الامتثال وضمان سلامة

 .الجراحيين

 .نظافة اليدين، العدوى المرتبطة بالرعاية الصحية، التخدير، العدوى في مواقع الجراحة، مكافحة العدوى :الكلمات المفتاحية 

 


