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Abstract
Patients expect to receive quality medical care by relying on the concepts of evidence-based
medicine. This quality care is expected to be provided at decreased costs for payors, some of
whom have stopped reimbursement for cases involving “reasonably preventable” surgical
complications. The purpose of this paper is to introduce root cause analysis as a tool for
identifying the causes of surgical complications. We also discuss preventive measures such as
improved communication, checklists, reporting systems, and the use of evidence-based medicine
that have been implemented to decrease surgical complications. These preventive measures can be
used alone or together to decrease complications and improve overall patient care.
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The quality of medical care has recently come under fire. Not only is quality care expected
using evidence-based practice, but it is constrained under cost-containment measures.
Programs such as the National Surgical Quality Improvement Program have been formed to
measure the quality of surgical care and empower hospitals to develop quality initiatives.1

Education in quality improvement and patient safety has also been integrated into surgical
residents’ training when they are expected to identify causes of a systems error and initiate
measures to change subsequent practice.2 Both hospitals and payors have an incentive to
reduce surgical complications because higher complication rates result in smaller profit
margins per case for hospitals, and the expenditure for cases with complications increase by
54–137% over those same uncomplicated cases.3 Data suggest that at least half of all
surgical complications are avoidable.4; 5 Thus, payors such as Medicare have stopped
providing reimbursement for complications that they deem to be “reasonably preventable”
with medical intervention.6; 7 These “preventable” complications as stipulated by Medicare
are foreign objects left in patients after surgery, catheter-associated urinary tract infections,
central line-associated bloodstream infections, administration of incompatible blood
products, air embolism, patient falls or trauma, mediastinitis after cardiac surgery, pressure
ulcers, surgical site infection following bariatric surgery, surgical site infection following
certain orthopedic procedures, manifestations of poor glycemic control, and deep vein
thrombosis/pulmonary embolism following certain orthopedic procedures.8
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Improved quality and decreased cost are incentives to reduce surgical complications.
However, there is no consistent definition of a surgical complication9 as it is defined
specifically for a research study. The difference between an error and a complication can be
difficult to distinguish when patient comorbidities mask whether the outcome is due to error
or underlying disease.10 The Institute of Medicine defines an adverse event as one that
results in “unintended harm to the patient by an act of omission rather than by the
underlying disease or condition of the patient.”11 Sokol and Wilson define a surgical
complication as “any undesirable, unintended, and direct result of an operation affecting the
patient, which would not have occurred had the operation gone as well as could reasonably
be hoped.”12 However, this definition captures both negligent and non-negligent
complications.

The purpose of this paper is to introduce root cause analysis as a tool for identifying the
causes of adverse medical events and to discuss preventive measures that have been
implemented to decrease surgical complications.

Root Cause Analysis
In 1966, Avedis Donabedian, the noted Professor of Public Health from the University of
Michigan, presented the concept of evaluating the quality of medical care.13 He introduced
three approaches to the assessment of medical care: outcomes, process, and structure (Figure
1). Outcomes measure what is accomplished for patients. Although many factors other than
medical care can influence outcome, “outcomes, by and large, remain the ultimate validators
of the effectiveness and quality of medical care.” Process evaluates whether “good” medical
care has been properly practiced by following a structured sequence of activities that is
considered as ideal practice. Structure assesses the settings in which medical care takes
place, such as facilities, equipment, the qualifications of medical staff, and the
administrative structure of an institution providing medical care (physical and organizational
properties).13; 14

The concepts of process and structure, introduced by Donabedian, are used as part of root
cause analysis. Root cause analysis is an approach to identifying the root cause or causes of
a problem (instead of the symptoms) in the process or structure of an organization and
determining prevention strategies (Figure 2). It is a technique developed by industries that
take a system’s approach15 rather than blaming individuals when an error occurs. The goals
are to find out 1) what happened; 2) why did it happen; 3) what to do to prevent it from
happening again.16 Potential contributing factors to adverse events include: 1) human
factors: scheduling/fatigue; 2) human factors: communication; 3) human factors: training; 4)
environment/equipment; 5) rules, policies, and procedures; and 6) barriers.17 Root cause
analysis involves four steps 1) collect data; 2) create a cause-and-effect diagram; 3) identify
the root cause(s); 4) generate and implement recommendations.18

When conducting a root cause analysis, data collection takes the majority of time and
continues until the cause-and-effect chart is complete.19 The second step is to create a cause-
and-effect diagram (Figure 3), which is a tool that “helps identify, sort, and display possible
causes of a specific problem or quality characteristic.” It was proposed by Kaoru Ishikawa, a
Professor from the University of Tokyo who is known for his concept in quality
improvement of Japanese industries after World War II, and is sometimes referred to as an
“Ishikawa diagram” or a “fishbone diagram” because of its structure. This diagram can help
to determine the root causes of a problem. The steps are to: 1) identify and define the effect;
2) identify the main causes contributing to the effect; 3) identify factors that may contribute
to the main causes (becoming more detailed as you identify more factors)20 (Figure 4). The
major contributors to an incident are causal factors and there is rarely just one causal factor.
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After all the causal factors have been identified, the root causes can then be identified. Root
causes are those over which management has control and those for which effective
recommendations can be generated.18

Root cause analysis has been used by several studies including the prevention of wrong site
surgeries. In one study,21 a medical center experienced 8 wrong site/procedure/patient
events over a period of less than two years. In the root cause analysis, causal maps were first
developed and reviewed. In the category of “rules, policies, and procedures,” 22 failure
modes were identified. One example is that in 6 out of the 8 events, a consent form was not
available, did not denote laterality or was not obtained by the surgeon involved. Human
factors, such as scheduling/fatigue, communication, and training accounted for a combined
total of 28 failure modes. An example is that in 6 out of the 8 events, there was a lack of
standardization (workflow, responsibilities, information flow). Preventive steps included
revising the safe surgical checklist policy to require the attending surgeon or physician to
call a “time out” prior to incision, and a revision of the consent forms to include a legend
(right, left, and bilateral) next to where the practitioner writes the name of the procedure to
be performed.

Root cause analysis has been criticized for its varying quality and the lack of literature
regarding its effectiveness in reducing risk, especially when the same problem reoccurs after
a root cause analysis has recently been completed.19 However, many root cause analyses are
performed incorrectly or incompletely,19 and the analysts do not understand the true root
causes of the event and therefore do not know how to prevent it from reoccurring.18 Repeat
events can also be caused by the incomplete adoption of recommendations. In one study of
healthcare professionals who conducted root cause analysis in their workplace, the majority
(51%) felt that their recommendations were only partly implemented.22 A study at the
Veterans Health Administration found that clinical changes at the bedside as well as high
levels of support from management and front-line staff had higher rates of implementation
than actions focusing on policy or staff education.23 For example, an action that was found
to have one of the biggest impacts in reducing patient falls was when the admission nurse
sent an e-mail to the care team to identify at-risk patients and initiated an interim “fall care
plan.”23 In general, passive actions, such as disseminating educational materials, are less
likely to work than active, collaborative, and multifaceted interventions.24 Furthermore, if
events are common across hospitals, action needs to be taken at the health system level
rather than the individual hospital level.19 For example, administering the wrong dose of
medication may require changes to packaging by the pharmaceutical company rather than
attempting to train all of the employees in each hospital who may administer that
medication.

The following sections provide examples of preventive measures that have been used by
various studies to reduce surgical complications, although formal root cause analyses were
generally not performed prior to the institution of the actions used.

Prevention
Communication

Most people are likely familiar with the interventions that other industries have taken to
improve safety, such as in the airline industry, where training in effective teamwork has
been associated with improvements in safety.25 Surveys have also been used to collect data
on pilot attitudes about safety and interpersonal interactions and to aid in the development of
interventions.26 The field of Surgery shares many of the basic elements of the airline
industry where people are working together in a high-technology and high-risk
environment.25 Christian et al. found that there was a “generalized vulnerability of the
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operating room system to information loss. Information loss led to delays, overuse of staff
and resources, uncertainty in clinical decision making and planning, and oversights in
patient preparation.” “Hand offs,” where responsibility and caregiving is completely
transferred from one provider to another, were linked to many instances of information loss
in surgical cases.27 Mazzocco et al. found that patients whose surgical teams exhibited less
teamwork were at a higher risk for death or complications.25 Because nurses are generally
involved in more continuous monitoring than physicians, it is desirable for them to be
included in verbal briefings so that they can bridge information gaps.28 A preoperative
briefing involving surgeons, nurses, and anesthesiologists including a 1-page checklist of
patient information and procedural issues was found to significantly decrease the number of
communication failures (p<0.001). The majority of respondents (81%) felt that the briefings
were worthwhile overall to identify and resolve problems as well as guard against
mistakes.29

One of the four core strategies of the National Patient Safety Foundation at the American
Medical Association is to foster communication to enhance patient safety. They feel that
“early identification of risk is the key to preventing patient injuries, and this depends on
maintaining a culture of trust, honesty, integrity, and open communication among patients
and providers in the health care system.”30

Checklists
A surgical checklist is an intervention that has been suggested to reduce the rate of surgical
complications. Figure 5 is an example of a Surgical Safety Checklist created by the World
Health Organization (WHO).31 After implementing this 19-item checklist and studying its
results in 3955 patients at 8 sites, the rate of surgical site infection significantly dropped
from 6.2% at baseline to 3.4% after the introduction of the checklist (p<0.001).31 The WHO
checklist is endorsed by the noted author and surgeon, Dr. Atul Gawande. He states that
under conditions of complexity, “not only are checklists a help, they are required for
success”32 especially when they are used in conjunction with teamwork. Another study
evaluated the effect of the Surgical Pathway Safety System checklist, which is a
multidisciplinary checklist that follows the surgical pathway from admission to discharge.
The checklist was used for a period of 9 months at 6 hospitals in the Netherlands. Data were
compared to 5 control hospitals. All complications that arose prior to discharge were
recorded. These authors found that the total number of complications decreased from 27.3
per 100 patients to 16.7 per 100 patients (p<0.001) and inhospital mortality decreased from
1.5% to 0.8% (p=0.003).33 These two studies show great improvement in complication rates
with the use of checklists. The reasons for the effectiveness of the checklists include helping
surgical teams to avoid simple oversights and/or reducing distractions in the operating room.
Some have questioned the “staying power” of checklists and whether their benefits could
wane as the checklist becomes one more component of a patient’s care. Furthermore,
without a control group, it is difficult to determine whether outcomes improved simply
because surgeons and staff know that they are being evaluated.34

Reporting System
In the airline industry, the Aviation Safety Reporting System is a voluntary, confidential
incident reporting system that is used to identify and mitigate deficiencies.35 Medical studies
have evaluated the use of a reporting system, either anonymous or non-anonymous. Van
Wagtendonk et al.36 conducted a study in ten surgical units of hospitals in the Netherlands.
Healthcare providers in the unit were asked to report all unintended events (defined as all
events that were unintended and could have or did harm a patient) directly after the event
had occurred or was discovered. The data were then analyzed to determine the root causes of
the events. The vast majority of the unintended events (72.3%) were caused by human
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factors. With voluntary reporting that is not anonymous, it is possible that events are
underreported because of fear of embarrassment or condemnation. The discussion of
complications with peers in a weekly Morbidity and Mortality Conference may assist in
detecting underreporting when the complication rate of one surgeon or division is atypically
lower compared to others. Input from peers in such a conference is available to decrease
high complication rates and there is the opportunity to disseminate prevention measures
based on the experience derived from when complication rates are low.37

Evidence-Based Medicine
Evidence-based medicine is being pushed to standardize care and cut costs. Accordingly,
some researchers have studied whether evidence-based measures can reduce surgical
complications. In a study by Serra-Aracil et al.,38 a protocol of evidence-based preventive
measures was applied to control surgical site infection (SSI) after colon and rectal cancer
resections. This was a prospective, observational, multi-center study in 19 Spanish hospitals
with a follow-up of 30 days. Preoperative preventive measures included shower, and
perioperative measures included prophylactic antibiotics administered 30 minutes prior to
the surgical incision. These authors found that the incidence of SSI with the preventive
measures was higher than expected when compared to the incidence of SSI reported in the
literature. Because patients were administered all of the preventive measures at once, as a
“bundle,” there was no way to assess the efficacy of each preventive measure. Similarly,
Anthony et al.39 conducted a randomized controlled trial in which subjects either received a
bundle of 5 evidence-based practices to reduce SSI after transabdominal colorectal surgery
or subjects were treated according to the standard practice. This study found that patients
who were allocated to the treatment arm had a 45% rate of SSI compared to a 24% rate in
the control arm (p=0.003). Again, the authors were unable to determine if one or all of the
preventive measures led to the increased rate of SSI. They hypothesized that in trying to
adhere to multiple interventions, surgeon attention may have been diverted away from other
aspects that prevent SSI. Of course, evidence-based practices can still be useful but they
may need to be introduced one at a time or in combination with one of the aforementioned
interventions, such as checklists, to ensure that they are being properly instituted.

A study to decrease catheter-related bloodstream infections incorporated several of the
previously mentioned interventions.40 A daily goals sheet was used to improve clinician-to-
clinician communication, a checklist was used to ensure infection control practices, clinician
meetings provided feedback on the number of bloodstream infections, and evidence-based
procedures were implemented. A total of 103 Michigan intensive care units reported data.
The outcome was the quarterly rate of catheter-related bloodstream infection which
decreased from an overall median rate of 2.7 infections per 1000 catheter-days at baseline to
0 after 3 months of implementing the study interventions (p≤0.002). The outcome was
sustained at 0 infections after 18 months of follow-up. Although the authors were unable to
evaluate the importance of each of the interventions, the goal was to maximally improve
patient safety which was accomplished with the implementation of several interventions as a
study program.

Conclusion
Root cause analysis is a valuable tool for identifying the root causes of adverse medical
events and providing recommendations for their prevention. Preventive measures such as
improved communication between providers, safety checklists, reporting systems, and the
use of evidence-based medicine when used alone or in conjunction can greatly improve the
quality of patient care. The prevention of complications is not easy, requiring teamwork and
a systems-wide approach to achieve the highest quality of care that patients expect and
deserve.
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Figure 1.
Donabedian model to evaluate the quality of medical care (Adapted from14)
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Figure 2.
Root cause analysis (Adapted from41)
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Figure 3.
Basic cause-and-effect diagram (Adapted from20)
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Figure 4.
Adding detail to the cause-and-effect diagram to determine root causes20
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Figure 5.
Surgical Safety Checklist created by the World Health Organization31
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