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Introduction
Escalation of care refers to the recognition and communication of patient deterioration to a senior clinician so as to implement definitive treatment. There are multiple factors that can impact on the quality of escalation of care, one of the most important of which is the degree of supervision of junior clinicians1. Poor supervision can lead to delays in escalating care and this in turn is associated with increased patient mortality2,3. 4.  Supervision becomes especially important in this era of reduced working hours caused by the Working Time Directive in Europe and Resident Duty Hours Restriction in the USA5,6.  These restrictions reduce the continuity of patient care but can also introduce unfamiliarity in clinical teams. In these circumstances, the need for adequate supervision combined with appropriate strategies for escalation of care is paramount. 
Strategies to improve the speed with which patient deterioration is recognized and acted upon have been developed in the form of vital signs scoring systems and associated action-protocols7. These systems aim to facilitate the escalation of care process and ensure senior clinicians and experienced staff arrive to a deteriorating patient promptly8. When used for this purpose, junior clinical staff members (such as residents) are empowered to act decisively. However, the systems rely on human activation, and as such, are prone to human error9. Similarly, the humans involved in such systems (usually doctors or patients) must feel incentivized to perform to a high standard. For example, interventions aimed more towards the human aspects of behaviour rather than the technical may be more successful10. This theory is expanded upon by Leape in his article that discusses the intricacies of surgical safety checklists11. The hospitals that actively involved themselves in the intervention achieved improved outcomes using the checklist12. However, hospitals that had the checklist imposed upon them achieved more modest results13.  This is very important to our understanding of patient safety because stakeholder engagement is key to the success or failure of a human factors intervention. One way of ensuring that stakeholders are engaged is to educate them, not only on how the intervention will work but why it is required and how it stands to improve their working life14. Therefore, prior to the introduction of a new protocol or pathway for patient care, the staff that will be using it must be appropriately educated. The likelihood of success of a healthcare intervention is improved by stakeholder engagement and to ensure this is in place, persuading healthcare workers to strive to improve their own performance and results. If stakeholders are incentivized to improve rather than simply told to, success is much more likely. The combination of an intervention to improve patient care and a human factors education to ensure it is implemented appropriately has been proven effective in previous research exploring surgery and ward-based care15,16. 
In recent years there have been many studies exploring the key role that teamwork plays on outcome in the operating room17,18. A key facet of teamwork is the supervision of junior surgeons to maintain good outcomes. Supervision forms a critical part of the escalation of care process, the response of a surgical senior to a referral from a junior is paramount to ensuring that a deteriorating patients receives definitive treatment19.
The impact of intraoperative resident supervision on patient outcomes has been explored and adverse outcomes were identified when residents were poorly supervised20. The role of supervision on the surgical ward and its association with care processes and outcomes has not yet been explored.
This study therefore, aims to evaluate the impact of a human factors intervention bundle on the quality of supervision, escalation of care and the safety culture in a UK surgical department.
Methods
Figure 1 displays the study procedure and intervention bundle schematically. 
Setting: This study took place in a 500-bed academic hospital in London; the hospital is part of a trust serving a population of approximately 500,000 people. The hospital is a tertiary referral center for gastrointestinal surgery and has four surgical wards with 18 beds each and a four-bed high dependency unit. 
Pre-intervention landscape: The junior doctors working within the department had previously raised concerns about the level of supervision they were given and a lack of support when they attempted to escalate care for deteriorating ward patients to their senior colleagues. The nature of these concerns are described in a previous publication1. These concerns were taken seriously and a team of researchers was requested to introduce a new model of team working to help improve supervision of junior doctors in surgery and escalation of care for surgical patients.
Development of the intervention: In order to systematically develop the intervention, several focus group sessions were held. Any clinical staff member involved in the care of surgical patients was invited to contribute. A total of 24 staff members contributed during two focus group sessions, staff included ward and PACU (post anesthesia care unit) nurses, interns, residents and attending surgeons, anaesthetists and administrators.  After the first session the research team developed a draft version of the intervention bundle, which was presented to staff during the second session. By the end of the second session, consensus had been achieved and the intervention bundle was finalized (see Figure 1). This phase of the study represents the engagement and education of staff that is so critical to the success of a human factors intervention.
The intervention bundle: This consisted of five separate components. The first of which was the introduction of twice-daily attending on-call ward rounds. Previously, there had only been one attending on-call ward per day. This took place in the morning and involved a review of each surgical patient admitted to the hospital in the preceding 24 hours. This round was kept in place but a further evening round was added to ensure that patients admitted after the morning round were seen by a senior surgeon and had a formal management plan in place overnight. The second component was the designation of a ‘chief resident of the week’ (CROTW). Prior to the intervention the interns and junior residents were responsible for the majority of ward-based surgical patient care, if they encountered a patient requiring more senior input the juniors had to go to the outpatient clinic or operating room (OR) and request help, which was not always forthcoming. The introduction of the CROTW gave ward-based junior doctors direct access to an experienced clinician during normal working hours. The CROTW was removed from any clinic or OR duties to ensure they were available to help care for ward-based patients at short notice. The third component of the intervention was a new escalation of care protocol for deteriorating ward patients. Previously, the interns and junior residents had not known who to call for help and this had led to unacceptable delays for at-risk patients. The new escalation protocol decreed that the CROTW was responsible for urgently reviewing any ward-patient the juniors had concerns about during normal hours (8am-5pm), if they were not available then the attending on-call was the next person to contact. Similarly, out of hours and at night (5pm-8am), the chief resident on-call was made responsible for urgently reviewing deteriorating patients. If they were unavailable (in the OR or with another patient) and could not attend within 30 minutes the juniors were instructed to contact the attending on-call to review the patient to ensure a rapid, senior surgical opinion. The final component of the intervention bundle was a credit-card sized team contact card, which listed the preferred contact number of each doctor working in the surgical department, along with an alternative contact number if needed. Previously, the pager system was being used when doctors were in the hospital whilst mobile phones were used for doctors out of hospital, this component was supposed to streamline the communication process and prevent any delays in contact of senior surgeons when required. 
The hypotheses underlying the intervention bundle was that an improvement of supervision of junior doctors would facilitate escalation of care for deteriorating surgical ward patients and improve safety culture and outcomes within a UK surgical department. 

Study design: This study was a pre-post intervention trial that also assessed the retention of the intervention at a later date.

Study periods: The pre-intervention period was from 1st August – 30th November 2012 (four months), the post-intervention period was from 1st December 2012 – 31st March 2013 (four months). The intervention bundle was introduced across the whole department at the same time. An additional data collection window opened six months after the introduction of the intervention for two months to allow investigators to assess whether any impact of the intervention bundle identified in the post-intervention period was retained.

Participants: All medical staff members working for the department of general surgery at the study hospital were eligible for recruitment into the study; both junior and senior surgeons were recruited. A senior surgeon was defined as a chief resident or above, a junior surgeon was defined as a PGY-1 or PGY-2 surgeon. 

To allow collection of clinical data, all patients admitted under the surgical service during the four-month and pre-and-post intervention periods were entered onto a prospective database. Data collected for each patient included the date of their admission and whether it was on an emergent or elective basis. All study patients were followed up to either their discharge or death. 

Outcome measures: All senior and junior surgeons were asked to complete a questionnaire that was developed by the research team to establish the supervision and escalation of care landscape in the pre-and-post intervention periods. The questionnaire was based on Sexton’s safety attitudes questionnaire and underwent several iterations prior to its use21. Responses were indicated for both normal hours and out of hours using seven-point Likert-type scales ranging from disagree strongly (1) to agree strongly (7). Data from the questionnaires were reported using the median and range. Analysis for differences between the junior and senior surgeons, pre and post intervention periods and normal hours and out of hours working periods was performed using the Mann-Whitney test for between-subjects comparison and the Wilcoxon test with within-subjects comparison.

Additionally, participants were submitted to semi-structured interview during the post-intervention period using a topic guide that aimed to capture their thoughts on the good and bad aspects of the intervention and where further improvements could be made. Further details of the protocol for these interviews have been reported elsewhere1. The aim was to gather rich data to help explain the results of the questionnaires and the impact of the intervention on patient safety within the surgical department. Clinical outcome measures were derived from the prospective database and the pre-and-post intervention periods were compared. The outcome measures that were explored were inpatient mortality, cardiac arrests, re-admission within 30 days of discharge and reoperation during the index admission. The Chi-squared or Fisher’s Exact tests were used for statistical analysis. Statistical significance was taken when p<0.05. The institution waived ethical approval for this study as this project formed part of ongoing Quality Improvement work. 



Results
The results of the questionnaires are reported first, followed by the qualitative interviews. Lastly, the clinical data is reported.

Questionnaire results: A total of 16 senior surgeons answered the questionnaire pre and post-intervention (response rate 80%). There were 13 attendings and three chief residents. 11 junior surgeons answered the questionnaires (response rate 69%). For the purposes of reporting the results the pre-intervention period is called time-point one (T1), the post-intervention period is time-point two (T2) and the six-month retention period is time-point three (T3). 

Comparing the pre and post-intervention and 6-month retention questionnaires for junior and senior surgeons: 
Overall, for senior surgeons during normal hours ,11 of 18 items demonstrated improvement post-intervention, of which two were significant (see Table 1). These items were ‘my juniors know who to call for help if they need it’ and ‘my juniors are adequately supervised by senior surgeons’. Upon retention testing,  a further seven items had significantly improved (included ‘senior surgeons are approachable to juniors wishing to escalate care’ and ‘junior surgeons speak up about concerns with patient care’. For senior surgeons out of hours, 10 of 18 items demonstrated post-intervention improvement, of these three were significant, by retention testing a further six had improved significantly e.g. ‘I am able to provide feedback and raise concerns about my job’). For junior surgeons during normal hours, 11 of 19 items were improved post-intervention; of these five were significant improvements, a further four improved significantly upon retention testing (including ‘I only undertake tasks I feel competent to perform’ and ‘I know who to call for help if I need it’. For junior surgeons during out of hours care, 15 of 19 items improved, of which five were significant improvements, by retention testing a further three had demonstrated significant improvement. One of these was that juniors felt they were asked to work beyond the limits of their competence less frequently post-intervention. A single item had declined to the baseline established before the intervention (all items and results for each time point are presented in Table 1).

Regarding clinical exposure, junior surgeons felt that they were asked to perform tasks outside their competence level more frequently prior to the intervention compared to post-intervention, during normal hours and out of hours. This effect was temporary however; by retention testing, the initial improvement seen after the intervention had faded.  Regarding supervision, both parties felt that the supervision of junior surgeons during normal working hours had improved after the intervention. Only the senior surgeons also felt supervision had improved for out of hours care – a finding that remained upon retention testing.  The junior surgeons also felt that their senior colleagues were more approachable after the intervention and that they were more likely to know whom they were supposed to call for help. These effects were both retained.
Juniors also felt significantly more able to speak-up about problems with patient care after the introduction of the intervention bundle, this effect was retained at retention testing.

Regarding the organisational structure of the surgical department, the junior surgeons felt that they were better able to prioritize patient care over administrative tasks and that the balance of training and service provision out of hours had improved after the intervention. Both of these effects were retained at retention testing. Regarding the safety culture within the department, both parties would have felt safer being treated as a patient outside of normal hours after the intervention – a finding that remained significant at retention testing. Furthermore, at this final study timepoint, it was also noted that both junior and senior surgeons were more likely to report any concerns they may have – leaving an important legacy of this intervention. 

Comparing junior vs. senior surgeons questionnaire responses: During the pre-intervention period, a clear disparity emerged between the views of the senior surgeons compared to their junior counterparts (see Table 2). Seniors perceived themselves to be far more approachable and accessible than they actually were to their juniors. Additionally, the junior surgeons did not feel as able to speak up regarding problems with patient care as their senior colleagues believed. Furthermore, the juniors thought the organisational structure of the department was poorer and opportunities to give and receive feedback were sparse. Similar results were also obtained post-intervention and on retention testing, indicating that the perceptions of junior and senior surgeons were consistently different.  

Interview results: The first question the participants were asked during the interviews was “how have things in the department changed since the introduction of the intervention bundle?” In response senior surgeons reported increased medical cover, greater senior staff presence on the ward, increased junior supervision and improved cover arrangements at the weekend for ward-based patients. However, the new system of working did lead to a significantly increased workload for several of the senior surgeons.
Junior surgeons felt the intervention bundle had a positive impact, reporting greater supervision and support on the ward from senior surgeons and that it was much easier to escalate care after the intervention bundle. One of the junior surgeons said, “the presence of a chief resident on the ward at all times is very reassuring, escalation of care is now quicker and safer.” 
Participants were also asked if the CROTW wasn’t available would a junior surgeon contact the attending on-call (as per the new escalation protocol). This question was met with mixed responses. A third of the senior surgeons and half the junior surgeons said that the attending would be contacted but it did not appear to be universal. One of the senior surgeons stated, “the less confident juniors still hold back a bit and may delay contacting the attending in the hope that the situation resolves itself.”

All the senior and junior surgeons felt that the juniors knew who to call for help if they wanted to escalate care and found the team-contact cards helpful.
The final question participants were asked was “how has the intervention bundle affected you personally?” Several senior surgeons stated that they were more tired and were spending increased time in the hospital. However, others stated they were receiving less calls out of hours, “I am having to take calls about deteriorating patients in the middle of the night far less frequently, the fact we see all the emergency patients at least twice every 24 hours means that the operating schedule can be planned better.”
Several of the junior surgeons felt less work-related stress and believed the working relationships between members of the surgical team had improved.
When questioned about how the intervention bundle had affected their training the chief residents explained that it had a negative impact as they were regularly tied to the ward, however, all three chief residents felt that patient safety had significantly improved.

Clinical data: During the pre-intervention period 1409 patients were admitted under the general surgical service, of these 273 were elective admissions and 1136 were emergency admissions. During the post-intervention period, 1305 patients were admitted under the surgical service, 202 electively and 1103 as an emergency (no significant difference between groups, p=0.07). None of the outcomes measured demonstrated any significant differences between the pre and post-intervention periods. Inpatient mortality decreased from 1.92% pre-intervention to 1.38% post-intervention but this was not statistically significant (p=0.40). Similarly, cardiac arrests decreased from 0.34% to 0.23% but this was also not significantly different. Readmission increased post-intervention, from 2.13% to 3.30% (p=0.06) and reoperations increased from 1.63% to 1.84% (p=0.69).



Discussion
This pre-post and retention of intervention study aimed to establish the impact of a human factors intervention bundle on the safety culture, levels of supervision, escalation of care practices and patient outcomes in a UK surgical department. The data from the questionnaires showed that team working, supervision, escalation of care and safety practices in the department improved after the introduction of the intervention. Importantly, the intervention bundle continued to work within the department and several facets of care continued to improve when tested six-months later. 
However, it was noticeable from the questionnaires that the senior surgeons felt that improvements were greater and ongoing problems were less significant than the junior surgeons. This tendency was also seen in the results of the interviews meaning that the results need to be considered with this discrepancy between junior and senior surgeons taken into account. The authors, having observed the working environment where this study took place, feel this may be a culture issue. The junior surgeons are all rotating staff who may notice deficiencies in care more acutely compared to their previous, recent place of work. Whereas the senior surgeons are more ingrained in their place of work so insidious practices may evolve without them noticing.
The clinical data demonstrated no significant differences in outcomes post-intervention. There were nine fewer deaths post-intervention, however, the readmission and reoperation rates appeared to increase and the differences seen are likely to be incidental.  This study therefore showed improved supervision, escalation of care and supervision practices but no improvements in patient outcomes. Possible reasons for this are discussed in the limitations section.
However this lack of difference in clinical outcomes echoes that seen in several other interventional studies that have aimed to improve escalation of care and patient outcomes. Adelstein et al., Robb et al. and Kansal et al. all introduced new escalation protocols or triggering systems on hospital wards in Australia, they reported an improvement in escalation practices but were unable to demonstrate an improvement in cardiac arrest rates and/or mortality22-24. Conversely, several intervention studies exploring human factors and escalation of care have demonstrated improvement in patient outcome measures. Mitchell et al. introduced a multi-faceted intervention to encourage early recognition of hospital patient deterioration and reported reduced ICU admission and mortality25. Catchpole et al. used human factors engineering to overcome communication failures in trauma care and showed reduced length of stay for patients15. This study failed to show an improvement in outcomes which may well be due to the difficulty that researchers have in changing institutional culture in short periods of time26. 
This study had several strengths lending credibility to its findings. Importantly, this study explored the retention of the intervention after it had been allowed to gain traction within the department. If the impact of an intervention is only analyzed immediately after its introduction, there may have not been enough time for the intervention to exert it greatest effects. Retention testing is vital in patient safety research as, without the proper groundwork being laid, many interventions may demonstrate an effect at the point of testing but then decline in the absence of testing later on. The multi-faceted nature of the intervention is also strength of the study. A greater number of points of action provide a stronger intervention that if we had simply told senior staff to be more available, which may have been met with resistance. Previously, intervention bundles have been shown to be successful in improving patient care so this is an evidence-based approach27.
This study also had a number of limitations. Firstly, there was no interview data from the six-month retention period. This may have provided further understanding of the factors that led to an improvement in patient safety in the surgical department but failed to produce an improvement in outcomes. Secondly, the database used to provide this data did not, unfortunately, provide sufficient information to appropriately perform case-mix adjustment. Without performing case-mix adjustment it is difficult to ensure the cohorts being studied are truly comparable28. Lastly, this was a single-center study with a small sample so may not be generalizable to other institutions and this may partly explain why no difference in outcomes between the pre and post intervention periods was identified. 
This study has a number of important implications. The most important of which is that a human factors intervention can improve the supervision of junior surgeons. In order to prevent avoidable patient harm, junior surgeons must be appropriately supervised, until such time as they gain proficiency in the recognition and initial management of patient deterioration29. Should junior members of clinical staff not feel appropriately supervised they may be unwilling or unable to escalate patient care, leading to failure to rescue30. In addition, this human factors intervention bundle has demonstrated that changing the culture within a department is possible over a short to medium period if those at the sharp end (i.e. staff) engaged early and are involved in the development of the intervention31. It is important to note however that achieving improved patients outcomes from this type of intervention may require lengthier follow-up periods than those that featured in this study.
Conclusions: Simple measures such as increased senior support and a clear protocol can improve supervision and escalation of care in surgery and may lead to a change in both culture and safety practices. Future work needs to further evaluate the effect these measures have on patient outcomes and if positive, implement rollout of the intervention to other healthcare institutions. 
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