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Abstract
Background: Surgical site infections (SSIs) can occur for numerous reasons, but one identified risk for increased SSIs is the occurrence of perioperative hypothermia. Maintenance of normothermia during perioperative period is documented to reduce risk for healthcare-associated infections. Combinations of warming mechanisms have been introduced to reduce SSIs thought to be related to incidental perioperative hypothermia (IPH). Lack of policy-guided perioperative normothermia maintenance had been identified within the participating organization.
Methodology: Based on a quality improvement project theoretical framework, this project was implemented through practice intervention design. Data was collected from 240 patient records over an eight-week period. Analysis regarding the documentation of temperature monitoring from the identified sample and the occurrence of SSIs during the period in conjunction with identifiable hypothermic events was then performed. 
Results: A total of 51% (N=122) surgical cases reviewed had a documented temperature of less than 36oC during the surgical case. A total of 53% (N=556) individual temperature readings were less than 36oC. There was a total of six surgical site infections identified during the data collection period with one case void of temperature documentation. The case void of temperature documentation did not meet the National Healthcare Safety Network (NHSN) surgical site infection guidelines, identified as a superficial skin infection. Temperature regulation was identified in the other five cases, excluding the cause of IPH. Ambient temperatures of each operating suite had an overall compliance of 6.8%, excluding the cesarean section suite which was 100% compliant.
Conclusions/Implications: There were no SSIs identified in relation to IPH. Further recommendations are indicated to ensure proper temperature monitoring is in place based upon NHSN guidelines to maintain patient temperature of 36oC and ambient room temperatures of 20-24oC. Further intervention is indicated for compliance with normothermia maintenance and ambient room temperature. The organization has initiated the process for temperature capture improvement and accuracy. 
Normothermia Maintenance in the Perioperative Phase to Prevent Surgical Site Infections: A Quality Improvement Project
Surgical site infections (SSI) are troublesome for the healthcare provider. Considering the provider oath to do no harm, it is particularly difficult when a patient in otherwise good health develops a hospital-associated infection (HAI) (Soule, 2018). Despite the use of aseptic technique in the surgical suite, HAIs can result from a multitude of reasons (Soule, 2018). Identifying risk factors of every individual patient is key in the prevention of HAI (Soule, 2018). Some risk factors are non-modifiable, such as age and a history of soft-tissue infections (Soule, 2018). Modifiable risk factors for HAI include, but are not limited to glucose management, alcoholism, obesity, and hypothermia (Soule, 2018). Since the 1990s, documentation has supported the need for temperature management for the prevention of adverse events (American Society of Peri-Anesthesia Nurses [ASPAN], 2021). Maintenance of normothermia in the peri-operative period is documented to reduce the risk for HAI (Soule, 2018).
Background
Early surgical procedures were completed without the use of gloves or gowns (Soule, 2018). When incidents of SSIs were noted, the surgeons blamed the air, or the foul odors noted from the site as the cause (Soule, 2018). In the early 1860’s, a scientist by the name of Louis Pasteur presented the theory of germs as a cause for infections (Soule, 2018). A few years later, a British surgeon by the name of Dr. Joseph Lister adopted Pasteur’s identification and began to utilize aseptic technique in the surgical suite as a means for prevention of SSIs (Soule, 2018). By the year 1910, sterile instruments, gloves, masks, and gowns were commonly used among teaching facilities, yet SSIs continued to be recorded (Soule, 2018). Means of preventing SSIs continued to evolve beyond the germ theory to include the following: high-risk patient identification, prophylactic antibiotic use, hair removal avoidance, decolonization of skin and nares (Soule, 2018). However, the maintenance of normothermia was recognized as a top priority in the prevention of SSIs (Soule, 2018).
Documentation notes dating back to 1988 indicate that patients in the post-anesthesia care unit (PACU) typically had a core temperature of 34.5o to 35oC (Hopf, 2015). The effects of anesthesia in relation to core body temperature maintenance are not well understood (Hopf, 2015). Most trials studying hypothermia were conducted during the 1990’s (Sun. et al., 2015). During these trials, a high incidence of SSIs identified were found to be resistant to antibiotics (Zheng et al., 2019). A combination of warming mechanisms has been introduced to reduce SSIs thought to be related to incidental hypothermia (Zheng et al., 2020). Warming fluids, forced-air warming, warming initiated pre-operatively, and warmed humified air have all been introduced for the prevention of incidental perioperative hypothermia (Pei et al., 2018).
At the participating organization, an increase in surgical site infections has been identified by the infection control nurse and chief nursing officer (B. Schleisman, personal communication, 2021). Although SSIs could be attributed to perioperative hypothermia, lack of temperature documentation or intervention is consistently noted despite the availability for peri-operative warming techniques which include the BAIR-hugger system, the application of warmed blankets, and/or the administration of warmed fluids. While direct warming methods are of concern, attentiveness to the ambient room temperature must be considered as well. The ambient temperature within the operating suite has been noted to be less than the recommended setting, falling below 20oC (B. Schleisman, personal communication, 2021). Daily, randomized recordings of the temperature are obtained electronically and are reviewed monthly (B. Schleisman, personal communication, 2021). Identification of areas to improve such as ambient temperature range to fall within the suggested range, proper utilization of direct warming systems and the need for temperature documentation indicate a need for corrective implementation. 
Significance
SSIs make up the leading cause of HAIs, occurring in 1.2 to 23.6 out of 100 surgical cases within low- to middle-income countries (Soule, 2018). Among developed countries with increased resources, the SSI incidence rate ranged from 1.2% to 5.2% (Soule, 2018). Identification of the need for thermoregulation management encouraged the American Society of PeriAnesthesia Nurses (ASPAN) to release hypothermia guidelines (2021). However, peri-operative hypothermia remains a clinical adverse event (ASPAN, 2021). The American Society of Anesthesiologists endorses perioperative normothermia management, recognizing the need for prevention of hypothermia (Frey, 2019).
Mortality rates due to SSI approach 3% within the United States annually (Centers for Disease Control [CDC], 2021). Attributed to one million days of inpatient stay, SSIs create an estimated $3.3 billion in healthcare costs (CDC, 2021). Furthermore, the United States incidence of SSI is 500,000 annually (Zheng et al., 2020). On a global perspective, SSIs have a 12.3% incidence rate (Zheng et al., 2020). Identification of SSI as the leader from a cost perspective among all healthcare-associated infections (HAI), the need for evidence-based guidelines is significant (CDC, 2021).
General or neuraxial anesthesia inhibits the patient’s ability to thermo-regulate (McSwain et al., 2015). Physical exposure in the operative suite combined with administration of anesthesia encourages further disruption of thermo-regulation (McSwain et al., 2015). Utilization of the peripheral and central nervous systems to regulate body temperature is triggered within the hypothalamus (McSwain et al., 2015). Behavioral and autonomic responses then occur (McSwain et al., 2015). Autonomic responses such as peripheral vasoconstriction or vasodilation are affected under anesthesia, creating a disruption of homeostasis (McSwain et al., 2015). The elderly population is at a greater risk for profound hypothermia once there is a redistribution temperature drop (Monzani et al., 2020). Anesthesia recovery and prolongation of drug metabolism result in an increased post-anesthesia recovery period (Monzani et al., 2020).
Intraoperative heat loss is a combination of conduction, evaporation, and convection (Pei et al., 2018). The difference between skin temperature and environmental temperature of the surgical suite produces a convective heat loss (Pei et al., 2018). Environmental room temperature within the surgical suite is the highest risk for heat loss and subsequent inadvertent hypothermia of the surgical patient (Pei et al., 2018). Heat loss in the surgical suite can be attributed to conduction and radiation loss at a rate of 5% overall (Pei et al., 2018). While there can be evaporative heat loss from the surgical incision, the amount is insignificant and does not affect the core temperature significantly (Pei et al., 2018).
In 2020, there were 1,885 surgical cases at the participating organization (Schleisman, personal communication, 2021). Of those cases, a total of eleven were identified as meeting the National Healthcare Safety Network (NHSN) criteria for SSIs (Centers for Disease Control/National Center for Emerging and Zoonotic Infectious Disease/Division of Healthcare Quality Promotion [CDC/NCEZID/DHQP], 2020). The NHSN is an internet-based system that offers surveillance managed by the CDC and DHQP (U.S. Department of Health and Human Services [DHS], 2021). Eight of the eleven cases were identified as qualifying for temperature monitoring but did not have complete documentation of temperature monitoring throughout the entirety of the case to rule out hypothermia. On other occasions, documented temperatures less than 35.5oC were noted. A breakdown of the specific cases lacking complete temperature documentation or noted hypothermia included the following: two cesarean sections, two total hip replacements, two cholecystectomies, and one toe amputation. Environmental temperature logs also indicated trends lower than recommended temperatures in the surgical suites at the participating organization, indicating a risk for perioperative complications related to potential hypothermic events (B. Schleisman, personal communication, 2021). Implementation of corrective action was indicated to improve delivery of care during the perioperative phase to prevent post-operative complications.
Clinical Problem Statement
During the perioperative period patient temperature monitoring, documentation of temperature monitoring, and environmental temperature maintenance were not being maintained at the participating organization. The possibility of undetected hypothermic events increased the risk for adverse events such as hypotension, SSIs, and coagulopathies. Such adverse events potentially increased length of stay and created poor patient outcomes. The identified clinical problem at the participating organization was an increase in SSIs in conjunction with a lack of proper temperature documentation among qualifying surgical cases. Environmental temperature ranges within the surgical suites were noted to be out of recommended range as defined by ASPAN (2021). 
Purpose
The purpose of this quality improvement project was to develop and implement a perioperative normothermia maintenance policy and procedure that targeted the population of adult patients located in a rural Midwestern healthcare organization. The expected outcomes of this project included notation of thermoregulatory monitoring when indicated and prevention of hypothermia during the perioperative period. The outcomes of the project were be evaluated by 1) Evaluation of proper temperature documentation among surgical cases greater than 30 minutes duration, 2) Daily evaluation of environmental room temperature documentation during live time and down time, and 3) Evaluation of the total number of surgical site infection occurrences during the period of data collection. 
Literature Review
A comprehensive literature review for the period from February 2015 through October 2020 was completed. Combined terms for the search included normothermia maintenance, perioperative hypothermia, and implications of perioperative hypothermia. The conducted search utilized Google Scholar, Creighton University Health Sciences Library, and the Cumulative Index of Nursing and Allied Health Literature (CINAHL). Inclusion criteria for the search were publications dated within six years, peer-reviewed, human-surgical population, and full-text availability published in the English language.
The search results utilized for the comprehensive review included but were not limited to: four meta-analyses, three prospective cohort studies, one randomized trial, and two systematic reviews. All articles identified the necessity of maintaining perioperative normothermia to improve surgical outcomes. One cohort study did not identify correlation with hypothermia and increased incidence for SSI but noted that it was significantly associated with reduction of 30-day mortality rates (Yamada et al, 2019). Overall, improvement was noted with normothermia maintenance, specifically with a reduction in blood transfusion, shivering, coagulopathies, and hypotensive episodes (Yamada et al, 2019). The SSI infection rate was also reduced in normothermic patients in some studies whereas other studies recommended further research (Yamada et al, 2019).
Definition of Normothermia
Defined as a central body temperature of <36oC in the peri-operative phase, hypothermia can create adverse outcomes (Monzani et al., 2020). Extending hospital stays while increasing morbidity and mortality, peri-operative hypothermia is indicated as the reason for 14%-16% of nosocomial infections, specifically the surgical site (Siddiqui et al., 2020). The risk for surgical site infections (SSI) triples with every 1oC variant below 36oC (Monzani et al., 2020).
The core body temperature of a human is between 36.1oC and 37.2oC (Balki et al., 2020). A mean temperature change of 1.27oC is defined as a physiological temperature change more than two times normal (Sultan et al., 2015). Temperature changes in the range of each degree of Celsius contribute to hypothermia and subsequent adverse events (Poveda et al., 2020). During hypothermia, noradrenaline is released (World Health Organization (WHO), 2018). Vasoconstriction of peripheries and hypertension creates a reduction of blood supply and increased risk for myocardial infarctions (WHO, 2018). With temperatures documented peripherally, the core temperature is not often monitored, which reduces the ability to define the effect normothermia has in the reduction of SSIs (WHO, 2018). The defined maintenance temperature should be kept at 35.5oC to 36oC during the perioperative period for the prevention of SSI and other post-operative complications (WHO, 2018).
Temperature Monitoring Recommendations and Associated Costs
Patients who undergo general anesthesia for >30 minutes are recommended for temperature monitoring (Sessler, 2020). During the perioperative phase, purposeful changes to temperature such as cooling or warming temperatures also require temperature monitoring (Sessler, 2020). When the perioperative patient is suspicious for temperature change and/or provision of neuraxial anesthesia is provided, it is recommended to also monitor the temperature (Sessler, 2020). Procedures with use of peripheral nerve block without the use of general anesthesia or those considered to use mild or moderate sedation typically do not require temperature monitoring, as the risk of hypothermia is exceptionally low (Sessler, 2020). Certain procedures may require the use of hypothermia, such as cardiopulmonary bypass (Sessler, 2020). In those cases where hypothermia induction is for vital organs and brain protection, continuous core temperature monitoring should be guided by policies specific for therapeutic hypothermia (Sessler, 2020). Temperature management is often managed by the anesthesia provider, although the healthcare delivery organizations (HDO) have a responsibility to ensure that proper policies and procedures are in place for all members of the surgical department to ensure maintenance of normothermia (Frey, 2019).
Identification and implementation of perioperative normothermia maintenance, when applicable, was found to significantly impact budget (Monzani et al., 2020). Inclusion of patients who qualified for active warming in the setting of general or regional anesthesia where procedural time was 30 minutes or greater indicated a cost reduction overall. Cost analysis including direct-care staff from the multidisciplinary team, medical devices for continuous temperature monitoring and active warming, and generalized facility costs indicated an overall cost reduction of $121.8 million (Monzani et al., 2020). The study, however, indicated exclusion of procedures such as imaging, laboratory testing, and the surgical suite (Monzani et al., 2020). Frey (2019) recognized costs beyond the facility to include the patient’s lost wages and direct increased cost of treatment with individual length of stay prolonged by 20%-65%. During the perioperative period, the patient’s postoperative anesthesia care (PACU) unit stay is increased (Frey, 2019). Billed per 15-minute increments, hypothermic events increase anywhere from 40 minutes to two hours in length (Frey, 2019). Discharge requirements from the PACU include documented normothermia with a minimum goal of 36oC core temperature (Frey, 2019). 
Complications Associated with Hypothermia
Multiple complications associated with perioperative hypothermia were noted in several studies reviewed. Out of 1000 patients, meta-analysis revealed 173 transfusions were administered to perioperative hypothermic patients (Balki et al., 2020). A cohort study identified a 4.6% transfusion rate among those hypothermic patients experiencing hypothermia (Sun et al., 2015). Below 37oC, the need for transfusion was likely to increase (Sun et al., 2015). Prolonged hospitalization among 8,841 individuals identified as hypothermic during the perioperative period affected 73% of the individuals among a cohort study of seven tertiary hospitals in Tokyo (Yamada et al., 2019). The prolonged period was defined as still hospitalized at day 14 (Yamada et al., 2019). However, a meta-analysis of nine randomized control studies and 11 observational studies did not identify a statistically significant length of hospitalization extension among the hypothermic versus normothermic patients within the perioperative period (Xu et al., 2020). Monzani et al. (2020) noted over a three-year period through the Italian National Health Service that length of stay was indeed impacted and increased by 19% overall, inclusive of minor to major surgical procedures. Analysis of the total surgical interventions among the adult population in Italy was 3,554,001 where 15% were excluded due to total surgical duration less than 30 minutes (Monzani et al., 2020). Compared to Frey (2019), those who experienced perioperative hypothermia overall were hospitalized anywhere from 20% to 65% longer, via the Association of Surgical Technologists’ best-practice recommendations. Utilization of warming techniques in the form of an underbody blanket within a randomized control trial was found to reduce postoperative length of hospital stay with a p = 0.04 (Hara et al., 2021). 
Specific complications such as SSIs were identified in Italy from 2009-2011 and included data from a total of 355 surgical floors (Monzani et al., 2020). Out of a total of 60,460 surgical procedures, 1,628 SSIs were reported among hypothermic cases (Monzani et al., 2020). A breakdown of type of surgical procedures was not reported among the 1,628 cases (Monzani et al., 2020). However, a prospective cohort study which was specific to patients undergoing laparotomies separated patients into a hypothermic cohort and a normothermic cohort (Siddiqui et al., 2020). The cohort study included 183 patients total, with 49% experiencing perioperative hypothermia (Siddiqui et al., 2020). Two-thirds of the patients within the cohort study were female (Siddiqui et al., 2020). This study failed to identify an increased risk for SSIs in the presence of normothermia, as a 10% occurrence was noted among both cohort groups (Siddiqui et al, 2020). Data collection occurred over a shortened period of three months and identified an inadequate sample within the study (Siddiqui et al., 2020). The study also identified exclusion of the degree of hypothermia that may have affected the results (Siddiqui et al., 2020). Further studies based upon the 10% identification of SSI occurrence in both populations were encouraged (Siddiqui et al, 2020). 
Post-Operative Secondary Outcomes Related to Peri-Operative Hypothermia
Postoperative shivering, defined as a patient satisfaction criterion, is a common complaint of patients who experienced perioperative hypothermia (Balki et al., 2020). Reduction of postoperative shivering was noted to be reduced among 1648 participants who were identified as having warming methods through meta-analyses (Balki et al., 2020). A meta-analysis of twelve studies conducted on patients post-cesarean delivery revealed shivering was reduced among those who received warming methods during the surgical procedure (Sultan et al., 2015). Another meta-analysis indicated significant post-operative shivering among 95% of hypothermic patients (Xu et al., 2020). Indicative of core temperature reduction, shivering is a reliable symptom of core-induced hypothermia versus skin surface temperature (McSwain et al., 2015). All patients with shivering in the presence of hypothermia are vasoconstrictive, and this was noted in 74% of all hypothermic patients (McSwain et al, 2015). A randomized control trial conducted from September 2018 to October 2019 found that use of an underbody blanket reduced the frequency of postoperative shivering with a p < 0.01 (Hara et al., 2021). 
Vasoconstriction in the setting of IPH raises the concern for post-operative myocardial injury or infarction. A retrospective cohort analysis of 2,210 surgeries that were exclusive of noncardiac surgeries and required general, neuraxial, or combined anesthesia was completed through post-operative troponin measurements (Schacham et al., 2018). A 4.4% occurrence of myocardial injury was noted, with 0.3% fatality (Schacham et al., 2018). However, the conclusion of the study determined that there was no association between interoperative temperatures and myocardial injury (Schacham et al., 2018). Limitations were offered within the study, as the final range of intraoperative temperatures was narrow (primarily 36o C to 37oC) and further trials would be needed (Schacham et al., 2018). Compared to another retrospective analysis in which the sample was limited to patients aged greater than 45 years with multiple comorbidities undergoing non-cardiac abdominal surgery, there was correlation with cardiac injury and perioperative hypothermia (Gopan et al., 2020). Patients who experienced hypothermia were defined as less than 34oC with warming interventions in place for the purpose of this study (Gopan et al., 2020). A regression analysis revealed that patients among the group with troponin I levels greater than 0.03 postoperatively were found to have a greater likelihood of increased mortality rate in the event of perioperative hypothermia at 4.5% (95% CI) (Gopan et al., 2020).
	Overall, it is indicated in the perioperative phase to maintain normothermia to reduce demand from the increased metabolic rate that occurs during general anesthesia. While some studies were inconclusive, all suggested further data collection related to known best practices of normothermia maintenance. SSIs may result due to decreased blood flow and tissue oxygenation because of vasoconstriction during IPH (Riley & Andrzejowski, 2018). Further support for maintenance of normothermia is indicated to prevent secondary shivering, which promotes catecholamine release and increased cardiac output and potential cardiac injury (Riley & Andrzejowski, 2018). This DNP project aims to decrease the incidence of SSIs by reducing the incidence of hypothermia through a quality improvement process improving the delivery of care. 
Theoretical Framework
The Iowa Model
The Iowa Model (Appendix B) developed by the University of Iowa Hospitals and Clinics (UIHC) and College of Nursing was originally introduced in 1994 (Buckwalter et al., 2017). Developed for the purpose of evidenced-based practice implementation, the Iowa Model guides the process of evaluation and implementation to improve patient care delivery and outcomes (Buckwalter et al., 2017). The Iowa Model has been revised several times to conform to ever-changing health care advancements including, but not limited to electronic medical records evolution, interprofessional collaboration focus, performance-based pay, and patient-centered care (Buckwalter et al., 2017). 
In efforts to provide quality care within the perioperative period, the Iowa Model guides implementation for improvement of patient care through evidence-based knowledge in the prevention of complications related to hypothermia (Buckwalter et al., 2017). Identification of the clinical problem within the chosen organization regarding normothermia management and temperature documentation indicates an area for quality improvement of a well-researched area of evidenced-based knowledge. Following the Iowa Model algorithm indicates team formation which included the project champion, infection control at the organization, and the project author, who has identified sufficient evidence to support the need for perioperative normothermia policy implementation followed by a quality improvement review. Once adoption of the change in practice is completed, key personnel such as anesthesia, nursing, and surgeons will receive continuing education. Finally, the Iowa Model calls for a dissemination of results post-policy implementation notable of reduced postoperative complications in the setting of the IPH. 
 Methods
Design
Based on a quality improvement project theoretical framework, the DNP project was implemented through practice intervention design. With the inclusion of the multidisciplinary team, maintenance of perioperative normothermia was implemented via the guidance of a policy (Appendix A) originating from the surgical services department. QI data collection took place over an eight-week period from October 24, 2021, through December 18, 2021. An analysis was performed regarding the documentation of temperature monitoring from the identified sample and the occurrence of SSIs during the period in conjunction with identifiable hypothermic events.
Phase I
Lack of policy-guided perioperative normothermia maintenance was identified within the participating organization. Nursing staff lacked clarity of intervention to prevent IPH (B. Schleisman, personal interview, 2021). A need for clear direction was identified for prevention of IPH and proper maintenance of normothermia in promotion of best practice and quality improvement. A meeting was held with the project champion, Dr. Scott Ellis, in March 2021 to discuss the need for policy. Policy development for maintenance of normothermia took place after this meeting. On May 7, 2021, formal policy presentation to medical committees within the organization included the following: Surgical-medical staff, family medical staff, anesthesia services, and nursing administration. Publication of the policy was available September 2021 on the participating organization’s intranet for all patient care areas. All patient care areas beyond the perioperative staff were included, as patients bound for the operating suite may flow through a multitude of several departments including, but not limited to the critical care unit, emergency department, medical-surgical department, obstetrics, and same-day surgery.
Phase II
Publication to the chosen organization policy platform of RLDatix—PolicyStat was completed on September 10, 2021. All implementing staff were assigned to review and acknowledge understanding through the organization’s HealthStream program. A completion date of October 31, 2021 was assigned to the pertinent staff providing perioperative care to acknowledge the policy had been reviewed. HealthStream is targeted at continuing education and implementation of new policies and procedures to promote best practice. Inclusion of pre-admission staff was pursued to enhance outpatient compliance to improve normothermia maintenance, particularly during the winter months. 
Setting and Sample
Implementation and conduction of the QI project was conducted at the participating organization, which is designated as one of 16 regional healthcare facilities by the State of Iowa Department of Health. The said organization capacity is 99 beds. In the year 2020, a total of 1885 surgical procedures were completed, which was reduced by the COVID pandemic. Expected surgical procedures in 2021 were projected to be greater than 2000 (B. Schleisman, personal interview, 2021). While the normothermia policy and implementation occurred within all patient care areas, intervention measurement occurred directly in the surgical suite. Inclusion of all patients18 years of age or greater enduring surgical procedures lasting 30 minutes or longer was audited for documentation and maintenance of normothermia. The period of 30 minutes was guided by best-practice recommendations for temperature monitoring and warming interventions by the American Association of Nurse Anesthetists (2021). Environmental temperature documentation were monitored within the five surgical suites and the obstetrics cesarean section suite. Occurrence of surgical site infections was also monitored among patients identified as hypothermic during the perioperative period.
In the setting of surgical procedures, there are exclusions to application of active warming measures (ASPAN, 2021). If a patient was febrile, active warming measures are contraindicated (ASPAN, 2021). Procedures where hypothermia was medically indicated was also excluded of active warming measures (ASPAN, 2021). In cases where delay of surgery increased risk for mortality, warming measures were encouraged to be attempted but should not delay the start of surgery (ASPAN, 2021). 
Ethical Considerations
Approval from the stakeholders at the participating organization was obtained prior to submission of the proposal to Creighton University IRB. As an employee of the participating organization, all patient access for the purpose of the quality improvement project was obtained through a student login provided by the information technology department. All patient charts remained anonymous by excluding any patient identification such as medical record number or personal identifiers to maintain compliance with the Health Insurance Portability and Accountability Act (HIPAA). Each patient was assigned a randomized number, beginning with 1000 to maintain anonymity. Authorized access to the data collection and project results will be granted to the following: the primary investigator, Creighton University graduate nursing faculty and statistician, and the project location stakeholders. Data collection occurred post the patient encounter. There was no disruption of patient care or direct patient contact for the purpose of this project. Prior approval for policy implication had previously been established in anticipation of data collection within the nursing role. Regular updates were provided through personal meeting sessions at the request of Dr. Scott Ellis, project champion, throughout the data collection. There was minimal risk associated with the data collection of the patients or the staff involved with implementing the policy. Deidentified data was stored on an Excel spreadsheet which was shared upon request through Google Docs with Dr. Ellis and the Creighton faculty deemed necessary.
Implementation Process and Data Collection
During the perioperative period, staff assessed signs and symptoms of hypothermia which could have included shivering, piloerection, and extremities that were cool to touch. If the patient expressed subjective statements regarding feeling chilled or requested warming measures, passive warming was applied following assessment of the patient baseline temperature. Measurement of temperature was done utilizing the method of axillary/skin, esophageal, oral, or temporal, taking into consideration the type of procedure. A temperature noted to be less than 36oC should have followed up with explanation by the peri-operative staff to the patient of the importance of pre-warming, provision of pre-warming via the defined passive warming options, and continued monitoring of the patient’s temperature per the original method chosen. Proper dress attire for the elements and encouragement of head coverings prior to procedure was encouraged to be discussed.
During the intraoperative period, exclusion of warming was pursued if the procedure medically requires a hypothermic state. In the case where delay of the surgical procedure increased the risk for mortality, warming measures should have been attempted, but should not have delayed the start of surgery. Shortly after arriving within the operating suite, staff were encouraged to maintain passive warming measures and document a baseline temperature with the minimum goal of 36oC within the patient’s electronic medical record. For the purposes of this project, each surgical case lasting greater than thirty minutes was indicated for passive warming and temperature documentation throughout the case. Every two days for a total period of eight weeks, the surgical schedule was pulled and each case with a duration of thirty minutes or more was audited for temperature documentation. If the use of a warming device was utilized, then temperature documentation should have been noted every fifteen minutes. Data was interpreted by identifying the total number of cases requiring temperature documentation at the end of the eight-week period and specific number of temperatures documented compared to the number of temperatures that are void of documentation. This then identified the incidence rate of temperature documentation. 
The goal ambient temperature of the operating suite is 20 to 24oC. During surgical cases, the operating suite temperature should have maintained a minimum temperature of 20oC. For this project, a temperature during live time and down time was collected daily of all surgical suites via an electronic report that was obtained from the participating organization’s maintenance department. The ambient temperatures were entered into an Excel spreadsheet and then converted to a graph to illustrate the ambient room temperature for each surgical suite, including the obstetrical cesarean suite for a total of eight weeks. 
During the immediate post-operative phase, temperature monitoring was to continue upon admission to the post-anesthesia recovery unit. Continued use of the same temperature monitoring method was recommended for consistency. The recommended ambient room temperature of the PACU was 20 to 24oC. Passive warming methods were to be continued to maintain core body temperature and prevention of inadvertent hypothermic episodes. For this project, hypothermic events, or a temperature less than 36oC was noted upon review of each surgical case that fell within the defined parameter of the study via the electronic medical record. The temperatures were entered into an Excel spreadsheet and compared to surgical cases in which temperatures were within normothermic range to identify the incident rate of hypothermia over the eight-week data collection period. 
Lastly, any surgical site infections identified were tracked for the eight-week period of data collection. The data was entered into the word program excel. All patients whose surgical procedures completed at the participating organization who developed the complication of an SSI were audited to note any hypothermic events during the perioperative phase. The overall incidence rate of SSIs was collected during the eight-week period and compared to the SSI incidence rate in congruence with documented hypothermic events during the perioperative period. 
Results
The Perioperative Normothermia Maintenance Policy focused on adult patients ages 18 and above. The sample size (N=241) with inclusion criteria of the surgical case lasting greater than 30 minutes of duration was expected. A total of 51% (N=122) surgical cases reviewed had a documented temperature of less than 36oC during the surgical case (Appendix C). A total of 53% (N=556) individual temperature readings were less than 36oC. The lowest patient temperature documented was 18.8oC at the 45-minute intraoperative mark. The 60-minute intraoperative mark of the same patient revealed a temperature of 36.2oC indicating poor placement of the temperature monitoring device. Upon admission to the post anesthesia care unit (PACU), 156 patients were noted to be normothermic, 74 patients were less than 36oC, and 11 patients did not have a temperature documented (Appendix D). The lowest temperature documented upon admission to the PACU was 35oC. 
Ambient temperatures of each operating suite were noted below the threshold of 24oC with overall compliance of 6.8%, excluding the cesarean section suite. There was a total of five operating suites and a cesarean section suite where randomized temperatures were pulled during live time and down time to indicate the overall compliance (Appendix E). OR 1 live time compliance was 10.7% and down time compliance was at 1.8%. OR 2 live time compliance was 16.1% and down time compliance was 12.5%. OR 3 live time compliance was 5.4% and down time compliance was 8.9%. OR 4 live time compliance was 3.6% and down time compliance was 8.9%. OR 5 live time and down time compliance was 0%. The cesarean section suite located in the obstetrics unit separate from the surgical center exhibited a 100% compliance during live time and down time.
There was a total of six surgical site infections identified during the data collection period with one case void of temperature documentation. The case void of temperature documentation did not meet the National Healthcare Safety Network (NHSN) surgical site infection guidelines, identified as a superficial skin infection. Temperature regulation was identified in the other five cases, excluding the cause of the SSIs related to IPH. While IPH was not identified, there are identifiable risk factors associated with the occurrence of IPH indicating attention to prevention is indicated. Despite policy implementation of perioperative normothermia maintenance, the data concluded that a gap in ambient temperature control and patient temperature compliancy remains.
Discussion
Analysis of the data collected indicated there was a gap of temperatures documented during recommended intervals during the intraoperative period. With the data collected, it is reasonable to pursue improved accuracy through standardized equipment. Surgical cases that were void of temperature documentation compliance cannot be ruled out for IPH, however there were no serious complications noted. The results were overwhelmingly indicative of poor compliance in maintaining appropriate patient temperature documentation and ambient room temperature moderation. Most temperatures were identified as skin. With temperatures documented peripherally, the core temperature is not often monitored, which reduces the definitive ability to define the effect normothermia has in the reduction of SSIs (WHO, 2018). Further quality improvement projects would be recommended once implementation of future standardized temperature capture intervention is pursued. 
The limitations of the study included the ability to accurately gauge if there were hypothermic events as consistent capture of patient temperature was void. Secondly, the period from which the organization’s policy was mandated for review by every employee was one-week post-data collection implementation. However, there was not a noticeable change of temperature capture accuracy or proper ambient temperature compliance improvement through progression of the data collection period indicating that despite policy implementation, there was no change within individual practice. The surgical case void of temperature documentation which developed a skin infection took place within the cesarean section suite 11 days post the mandatory acknowledgement of the implemented policy supporting the idea that there was little change in practice to ensure implementation. The infection surfaced one month post discharge, ruling out that the SSI could related to unidentified hypothermia. Other adverse events related to IPH including transfusion, coagulopathies, and hypotension according to Yamada et al (2019) were not identified in the cases void of temperature documentation. Despite the skin surface infection, there is low consideration for IPH as the cause of other adverse events. While this one case was reviewed for other adverse events, there was no further data collection on other cases of IPH and adverse events beyond SSI occurrence.  Normothermia maintenance is indicated to reduce in blood transfusion, shivering, coagulopathies, and hypotensive episodes (Yamada et al, 2019). SSIs may result due to decreased blood flow and tissue oxygenation because of vasoconstriction during IPH (Riley & Andrzejowski, 2018). The literature does suggest further comprehensive data collection which is congruent within the findings of the quality improvement project in efforts to fully identify the impact of IPH. 
Further Implications
This quality improvement project provides an indication for further quality improvement process in several areas. Increased awareness of obtaining accurate temperatures throughout qualifying operative cases was demonstrated throughout data collection interpretation. Intraoperative temperature accuracy indicates a great need for improvement, including the need for reliable equipment versus the varying temperature capturing methods. While endotracheal temperature is preferred, this mode was not identified as the method of choice and provided a limitation to the study for accuracy in temperatures among varying surgical cases. 
With regards to ambient room temperatures of the surgical suites, the results were alarming among OR 1 through OR 5. It is unclear the reasoning for poor temperature compliancy and further investigation is indicated. OR 1 through OR 5 are located within the same area of the hospital. The cesarean section suite, which indicated 100% compliancy, is located within another building on the organization’s campus. It is unclear if location is a causative factor. Involvement of the organization’s environmental services may be indicated. However, there is no indication that the ambient temperatures increased the risk of SSI’s during the data collection for this study as there were no IPH events. 
If SSIs persist within the HDO, further QI data collection could include the incidence of transfusions, hypotension, and length of stay per patient if IPH is identified. The incidence rate of subjective shivering by the patient could also be trended. Shivering is identified as a common complaint of patients who have experienced perioperative hypothermia (Balki et al., 2020).
Conclusion
Implementation of a standardized perioperative normothermia maintenance policy did not indicate improved temperature capture compliance and accuracy. Perioperative normothermia maintenance is indicated for best practice and prevention of IPH and SSIs. The organization was able to identify a gap in documentation and an indication for improved compliancy and accuracy. When accurate standardized equipment is adopted and implemented, data collection should be obtained to note improvement in compliancy and accuracy. It is beneficial for the organization to maintain normothermic temperatures and ambient temperatures within the designated ranges within the adopted policy for prevention of IPH complications, including the possibility of SSIs and overall improve quality of care. 
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Pertinent Portions of Perioperative Normothermia Management Policy per the Health Care Delivery Organization
	 
POLICY/PROCEDURE
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Purpose: This policy guides measures for the monitoring and maintenance of body temperature throughout the perioperative period. Maintenance of normothermia is essential during all three phases of the surgical experience for patient comfort, and reduction of physiological complications including the risk for infection. 
 
DEFINITIONS: 
1. Active Warming: Forced air warming system, warm irrigation, warm infusion fluids/solutions, warming pad
2. Ambient Room Temperature: the temperature of the surrounding environment.
3. Core Temperature: Temperature of the core thermal compartment, consisting of internal major organs of the trunk and head. Core temperature reflects the most accurate temperature during rapid temperature fluctuation. 
4. Fever: A core temperature of 38o C (100.4o F) or above.
5. Forced Air Warming (FAW): an active-warming device consisting of a warming unit or heat generator combined with a blower to assist with circulation of filtered air. Flowing through a connecting hose, warm air is delivered into a blanket made of paper or plastic with multiple compartments for air delivery, exiting through small holes over the patient’s skin. This delivery source heats the patient via convection. 
6. Normothermia: A core temperature range of 36o C recorded within 30 minutes immediately before anesthesia end time or the 15 minutes immediately after anesthesia end time. 
7. Passive Warming: Includes warm blankets, socks/slippers, head covering, limited skin exposure, and ambient temperature of 20o to 24oC (68o to 75oF). 
PROCEDURE:
Inclusion:
1. All adult patients undergoing:
· General Anesthesia
· Spinal Anesthesia
· Epidural Anesthesia
2. “When clinically significant changes in body temperature are intended, anticipated, or suspected, monitor body temperature. (AANA, 2021)” 
Exclusion:
1. All adult and pediatric patients with a fever
Risk Factors for Hypothermia:
1. Large volume of irrigation
2. Major fluid or blood loss
3. Exposures of a large body cavity/body surface area
4. Age of the patient (pediatric and elderly at increased risk)
5. Type of anesthesia
6. Pre-existing conditions & physical status
7. Environmental temperature (Below 20oC is contraindicated)
8. Duration & type of surgical procedure
Complications Associated with Hypothermia
1. Coagulopathies
2. Altered metabolism (i.e.: metabolic acidosis)
3. Surgical site infections
4. Shivering
5. Cardiovascular effects
6. Increased surgical site bleeding 
Phase I: Preoperative Period
A. Assess the patient upon arrival to the perioperative unit:
· Signs and symptoms of hypothermia: Shivering, piloerection, extremities cool to touch
· Patient’s subjective statements of feeling cold
· Patient’s subjective statements of thermal comfort level
B. Measure the patient’s temperature shortly after arrival to the perioperative unit.
· Use one of the following means to consistently measure and document patient’s temperature:
· Oral: if not contraindicated by ENT surgery
· Temporal: if the measurement is outside of the normal range, temperature should be validated orally
· Axillary/Skin: Utilize when oral or temporal are not tolerated
· Temperature Monitoring should occur throughout the intraoperative period per anesthesia.
C. If the patient temperature is at least 36oC on arrival to the preoperative area:
· Explain the importance of pre-warming
· Passive warming is provided
· Active warming to patient toleration
· Upon application of active warming, assess and document risk findings for potential skin injury with the use of FAW (i.e., neuropathy, decreased circulation, open wounds, non-communicative patient, neonates, and pediatric patients of decreased weight)
· Apply FAW warming blanket applicable to individual patient/procedure per manufacturer instruction manual for proper patient placement and maintenance (i.e. upper body, lower body, underbody, surgical access, spinal underbody, pediatric). Initial temperature setting of medium should be used (38oC).
· Follow manufacturer instruction manual for proper patient placement and maintenance of equipment
· Pre-warming of each pre-operative patient should consist of 10 minutes prior to transportation to the OR
· Monitor patient’s temperature and skin condition during the use of FAW based upon assessment findings. Those patients identified at risk for potential skin injury related to FFAW use may require assessments more frequently. 
· Temperature of unit should be decreased to low setting (32oC) if patient complains of feeling too warm
· Patient may refuse warming mechanism
Phase II: Intraoperative Period
A. Exclusion:
· Procedure where hypothermia is medically required
· In cases where delay of surgery increases risk for mortality, warming measures should be attempted but should not delay start of surgery.
B. Measure patient’s temperature shortly after arrival in the operating room
· Reapplication of FAW upon transfer to OR bed at the medium setting (38oC). Patient minimum temperature goal is 36oC (96.8oF). 
· Follow manufacturer’s instruction manual for proper patient placement and maintenance of equipment
· Monitor temperature every 15 minutes during the use of warming device
· Interruption of warming, if necessary, during patient skin preparation will be determined by the anesthesia provider and surgeon.
C. Monitor Operating Room temperature and humidity
· Verify there are no unresolved room temperature problems reported. 
· Ambient room temperature goal is 20-24oC (68-75oF).
· During the case maintain minimum room temperature of 20oC (68oF)
· Relative humidity level recommendation of 20-60% should be maintained
· Humidity and temperature levels should be recorded on a daily basis. 
















Appendix B
The Iowa Model 
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The Iowa Model (Titler et. al, 2001)


















Appendix C

Overall Temperature Compliancy Rate Among Surgical Cases
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Appendix D

Patient Temperature Upon Post-Anesthesia Care Unit Admission
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Appendix E

Ambient Room Temperature Trends
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