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Background. Since 2008 the Pietermaritzburg Metropolitan Trauma Service (PMTS) has run a structured, self-reporting, metropolitan
morbidity and mortality conference (MMC). In 2012 a hybrid electronic medical registry (HEMR) was introduced to capture routine data
and to generate reports on morbidity and mortality. This paper reviews our experience in setting up a metropolitan MMC and compares
the quality of the reported morbidity data from the pre- and post-HEMR era.

Methods. We compared data from the MMC before and after the introduction of the HEMR to audit the impact of these meetings on the
reporting and analysis of surgical morbidity and mortality in our service.

Results. During the 4-year period from 2008 to 2011, a total of 208 MMCs were held. A total of 10 682 patients were admitted by the PMTS
during that period, of whom 87% were males, and the mean age was 26 years. Penetrating trauma accounted for 40.9% (4 344/10 628) of the
total workload. A total of 432 (4.1%) morbidities were identified. Of these, 36.6% (158) were related to human error, 32% (138/432) were
related to surgical pathologies and the remaining 31.9% (136/432) were related to systemic diseases. There was an exponential increase in
the reporting of morbidity each year. The total in-hospital mortality was 3% (358/10 682). Following the introduction of the HEMR, from
2012 to 2014, 6 217 patients were admitted. A total of 1 314 (21.1%) adverse events and 315 (5.1%) deaths were recorded by the HEMR. The
adverse events were divided into 875 ‘pathology-related’ morbidities and 439 ‘error-related’” morbidities.

Conclusions. The development of the MMC led to increased reporting of morbidity and mortality. The introduction of the HEMR resulted
in a dramatic improvement in the capturing of morbidity and mortality data, suggesting that a paper-based self-reporting system tends to

underestimate morbidity. Over one-third of all morbidities were related to human error. Common morbidities have been identified.
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Over the last two decades there has been an increased awareness
of the significant contribution of human error to mortality and
morbidity in trauma and acute care surgery."! The culture of
surgical practice is, however, often inimical to the open and
transparent reporting of surgical adverse events, error and
morbidity. This creates difficulties in developing strategies to
address human error and to reduce surgical and trauma-related
morbidity. The traditional forum for identifying and discussing
surgical complications is the morbidity and mortality conference
(MMC) and many authors feel that the MMC should be used to
drive quality improvement programmes in surgical services.!® The
Pietermaritzburg Metropolitan Trauma Service (PMTS) established
a weekly metropolitan morbidity and mortality meeting in 2007.
This has run since then and has been a predominantly paper-
based system which relied on self-reporting."* However, self-
reporting of morbidity is generally believed to result in a significant
underestimation of morbidity. Subsequent to the institution of
the MMC in 2007 we introduced a hybrid electronic medical
record system (HEMR) with a dedicated interface for capturing
morbidity in 2012. We published our initial experience with the
HEMR morbidity interface in 2014.°!”/ The aim of this paper is to
review our earlier experience in setting up a metropolitan MMC
and to compare it with our more recent experience. Data captured
by this conference between 2007 and 2011 were reviewed to
categorise morbidity and error associated with trauma care in our
environment. These data were compared with recently published
data from the HEMR dating from 2012 to 2014 to see how the
introduction of an electronic interface to capture data impacted
on morbidity data.”®! A secondary aim of the project is to identify
common errors and morbidities in trauma care. It is hoped that

this information will allow us to develop targeted educational and
quality-improvement programmes to reduce error and morbidity.

Methods

Setting

Pietermaritzburg is the largest city in the interior of KwaZulu-
Natal (KZN) Province. The PMTS was established in 2006 with the
intention of providing comprehensive trauma care to the city of
Pietermaritzburg and the entire western part of KZN province. The
PMTS serves a catchment population of over three million people.

The metropolitan MMC

The combined metropolitan MMC for trauma was established
in 2008. This is held on a weekly basis and every trauma patient
admitted to the PMTS is discussed. Emphasis is placed on any
morbidity or mortality encountered and each operative case is
discussed in detail. A PowerPoint presentation is generated for each
conference. The conference is attended by all staff and is chaired by
the trauma specialists within the PMTS. A peer review process by the
senior staff is used to classify all complications and errors. All trauma
cases are classified according to the type of trauma and the region
injured. Morbidity is classified as disease related, iatrogenic or error
related. A specific note is made of the complications associated with
two common index procedures, intercostal drain (ICD) insertion and
central venous line (CVL) placement.

A paper-based trauma registry was instituted in 2006, and ethical
approval to maintain this registry was provided by the Biomedical
Research Ethics Committee (BREC) of the University of KwaZulu-
Natal (BE 207/09). In addition to the paper-based trauma registry,
each PowerPoint presentation is stored. Data are extracted from
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each MMC presentation into a Microsoft
Excel spreadsheet which forms part of
the departmental record. In 2012, a new
format to the conference was introduced, a
new electronic surgical registry (ESR) and
ultimately an HEMR. This also has ethics
approval (BE 221/13). This article focuses
on the initial 5 years of our MMC from 2008
to 2011, prior to the introduction of the ESR
and the HEMR, and compares the reported
morbidity from these two periods.

Data review

Data that were reviewed included basic
demographics and the total number of
admissions, as well as the mechanism of
injury. The mechanism of injury was separated
into blunt trauma (BT), penetrating trauma
(PT), and other trauma (OT). Trauma was
sub-classified according to the anatomical
region injured. All operative procedures were
recorded and each operation was classified
as either an emergency or a non-emergency
operation.

Results

Demographics

During the 5-year study period, a total of
208 MMCs were held. A total of 10 628
patients were admitted to the PMTS during
the same period, of whom 9 300 (87.5%) were
males. The mean age was 26 years. A total of
422 (4.0%) of all patients required admission
to the intensive care unit.

Mechanism of injury

Of the 10 682 patients admitted, 6288
(58.9%) sustained BT, 4 344 (40.1%) sus-
tained PT, with the remaining 50 patients’
trauma classified as miscellaneous injuries
(OT). Table 1 shows the different mode of
injury in the 6 288 patients with BT. Table 2
shows the injuries by anatomical region. Of
the 4 344 patients with PT, 3 736 (86.0%) had
stab injuries and the remaining 608 (14.0%)
gunshot injuries.

Operations

A total of 1 452 operations were performed:
910 (62.7%) were emergency operations,
and the remaining 542 (37.3%) were non-

Table 1. BT: mode of injury (N=6 288)

Mode n (%)
Assault 3748 (59.6)
RTA 1828 (29.1)
Crush injury 362 (5.8)
Fall 248 (3.9)

RTA = road traffic accident.

emergency operations. Table 3 summarises
the different operations.

Morbidity and mortality
A total of 432 morbidities were identified.
The total in-hospital mortality rate was 3.4%

(358/10 682). Iatrogenic injury accounted
for 274 (63.4%) morbidities, and error was
involved in 158 (37.6%). There was an expo-
nential increase in the reporting of morbidity
over the period under review, and Fig. 1 shows
this temporal trend from 2008 to 2011.

Table 2. Anatomical distribution of trauma (N=10 632)

Region BT (N=6 288), n (%) SWs (N=3 736), n (%) GSWs (N=608), n (%)
Multi-regional 1342 (21.3) 308 (8.2) 26 (4.3)

Head 3 552 (56.5) 226 (6.0) 30 (4.9)

Face 372 (5.9) 74 (2.0) 18 (3.0)

Neck 96 (1.5) 382 (10.2) 28 (4.65)

Chest 386 (6.1) 1 740 (46.6) 200 (32.9)

Abdomen 344 (5.5) 812 (21.7) 202 (33.2)

Limbs 196 (3.1) 194 (5.2) 104 (17.1)

SWs = stab wounds; GSW's = gunshot wounds.

Table 3. Operations: overview and indications (N=1 452)

Operation n (%) BT (n=178) SWs (n=716) GSWs (n=272) Others (n=6)
Laparotomy 602 (41.5) 142 306 154 0
Relook 138 (9.5) 26 68 40 2
laparotomy
Laparoscopy 94 (6.5) 4 86 4 0
Thoracotomy 122 (8.4) 0 102 20 0
Video-assisted 74 (5.1) 4 56 12 2
thoracoscopy
Neck 64 (4.4) 0 54 10 0
exploration
Vascular 80 (5.5) 2 44 32 2
exploration
Tracheostomy 70 (4.8) - - - -
Miscellaneous 208 (14.3) - - - -
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Fig. 1. Morbidity reported by year (2008 - 2011).
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Morbidity related to thoracic trauma

A total of 29 thoracic-trauma-related morbidities were discussed
during the 5-year period. In 25 patients there was delayed clinical
recognition of a tension pneumothorax (TPTX). Of this cohort 12 were
discovered on chest X-ray (CXR), 8 on computed tomography (CT)
scan without an initial CXR, and 5 in the operating room. Of the 12
patients who had a TPTX discovered on CXR, 7 (58.3%) died. Three
of the 7 patients who died were referred from another hospital with a
CXR film accompanying them showing a TPTX, and all were dead on
arrival. Three other patients who presented directly to our unit were
sent to the radiology suite for a CXR following initial assessment, and
died shortly afterwards. All these three patients had CXRs taken prior
to their death that showed TPTXs. A patient died in the operating
room following a sternotomy and repair of a penetrating cardiac injury.
He arrested as a result of an unrecognised TPTX.

Four patients sustained iatrogenic visceral injuries as a direct result
of ICD insertion. Three of these patients sustained a diaphragmatic
perforation, which required operative repair. The fourth patient
sustained an acute diaphragmatic rupture with intrathoracic gastric
herniation following a road traffic accident. This was not recognised
on the initial CXR and he sustained a gastric perforation following
ICD insertion. He subsequently underwent a laparotomy. Two
patients sustained iatrogenic visceral injuries to the intercostal vessels
during insertion of an ICD.

Morbidity related to abdominal trauma

There were 82 documented morbidities related to the management of
abdominal trauma. Among the 6 288 BT patients, error of assessment
was reported in 75 patients (1%), resulting in therapeutic delays of
over 12 hours. In the delayed group there were 4 bladder injuries,
24 small-bowel perforations, 2 duodenal injury, 2 infarctions of the
ascending colon and 8 small-bowel mesenteric avulsions. A total of
7 injuries were not detected during the 602 index laparotomies (1%);
these included 2 lacerations of the gallbladder, 2 duodenal injuries, 2
small-bowel injuries and a missed vena-caval injury. The operating
surgeon elected not to explore a central haematoma, and this injury
was ultimately fatal.

Morbidity related to ICD placement

A total of 1 050 ICDs were inserted over this 5-year period and a total of
203 (19%) ICD-related complications were documented. These included
kinking of the ICD, subcutaneous insertion, incomplete insertion
and inadequate fixation resulting in dislodgement. Four patients (2%)
sustained iatrogenic visceral injuries as a direct result of ICD insertion.

Morbidity related to central line insertion

A total of 1 020 CVLs were placed and there were 89 CVL-related
morbidities during the period under review. A total of 45 (4%)
post-CVL insertion pneumothoraces were reported. A single central
line was placed into the pleural cavity and the patient received total
parental nutrition (TPN) into the pleural space. In 9 patients (<1%)
arterial puncture lead to a haematoma. Twenty (2%) CVLs became
dislodged and in 19 (<2%) the CVL was not placed into the superior
vena cava (SVC) as intended.

General morbidity

During the 5-year period 29 general morbidities were reported.
Sepsis accounted for 3.0% (13/432) general morbidities, and was
equally divided between surgical site sepsis and pneumonia. Failure
to review investigations was a problem in 5 patients and included
failure to review a CXR, which showed a misplaced CVL (1), a
pneumothorax post-CVL insertion (1), a collapsed lung due to a

mucus plug (1) misplaced feeding tube (1) and a retained blade
(1). A patient with a retained weapon in his leg was discharged
home and returned later with a suppurating wound. Inappropriate
drug prescription was a problem in 11 patients and included the
administration of nephrotoxic agents to patients with acute kidney
injury in 4 patients, the omission of thromboprophylactic agents or
antibiotics in 4 and incorrect dosing in 3.

Morbidity captured by the HEMR

From 2012 to 2014, a total of 6 217 patients were admitted to our
surgical service. A total of 1 314 (21.1%) adverse events and 315
(5.1%) deaths were recorded. The adverse events were divided into 875
‘pathology-related’ morbidities and 439 ‘error-related’” morbidities.
Pathology-related morbidities included 725 systemic complications
and 150 operative complications. Error-related morbidities included
158 iatrogenic injuries and 24 missed injuries. Error accounted for
439 (33.4%) of the total number of adverse events. Table 4 compares
the data from the pre-HEMR meetings and the post-HEMR meetings.

Discussion

Surgical morbidity is generally under-reported and there are many
reasons why this is the case.""?l These include a culture of blame,
which makes staff reluctant to report morbidity, as well as inadequate
methods of collecting data on morbidity and of classifying and
categorising such data.'*!¥ James Reason, a pioneer of the study
of human error, has identified four critical elements of an effective
organisational safety culture, namely a culture that is committed to
reporting morbidity and which is, just, flexible, and open to learning.?
The challenge remains for healthcare systems to develop such a
culture, and many commentators feel that the surgical morbidity and
mortality meeting is ideally placed to lead this process.l*! Changing
the culture of an organisation is a difficult task which requires a long-
term commitment to ongoing educational initiatives to explain the
principles of error theory and to stress the fact that failure must be
understood as systemic rather than due to individual behaviour. Our
ongoing efforts have been effective, as evidenced by the exponential
increase in reporting of morbidity over the initial 5-year period of the
metropolitan M&M meeting. Fig. 1 demonstrates this increased rate of
reporting of morbidity over the 5-year period under review.

Most authors feel that self-reporting of morbidity alone is
ineffective and a systematic and comprehensive approach to collating
morbidity data is needed.'™?! This is supported by the fact that
the implementation of the HEMR resulted in reported morbidity
increasing from 4% to over 20%. Table 4 compares the situation before
and after the introduction of the HEMR. The dramatic increase in
reported morbidity was due to the increased reporting of sepsis and
especially hospital-acquired pneumonia. Taxonomies to classify and

Table 4. A comparison of the reported morbidity and
mortality pre- and post-introduction of the HEMR

Pre-HEMR Post-HEMR

2008 - 2011 2012 - 2014
Patients, N 10 682 6217
Morbidity, # (%) 432 (4.1) 1314 (21.1)
Mortality, n (%) 358 (3.4) 315 (5.1)

Error, n/N (%) 158/432 (36.6)
292/432 (67.6)
7/602 (1.2)

13/432 (3.0)

439/1 314 (33.4)
158/1 314 (12.0)
24/1 314 (1.8)

301/1 314 (22.9)

Tatrogenic, n/N (%)
Missed injury, n/N (%)
Sepsis, n/N (%)
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categorise morbidity are frequently inadequate and, when available,
poorly understood, and this further complicates the reporting and
capturing of accurate data on morbidity.”*'® A good example of
this is the lack of consensus on the most appropriate way to classify
surgical complications such as surgical site sepsis and anastomotic
failure.'®! The major increase in reporting with the HEMR has been
around systemic complications such as sepsis and pneumonia. In the
pre-HEMR system sepsis was reported in only 13 patients. With the
HEMR system this had increased to 301 patients with sepsis; among
these nosocomial pneumonia and surgical site infection accounted for
100 and 96 cases, respectively. This suggests that these morbidities in
particular are grossly under-represented in paper-based self-reporting
systems. There was no increase in the reported incidence of mortality
over the two time periods. This reflects the fact that a surgical fatality
is a definitive and dramatic endpoint, which tends to get reported,
whereas morbidity is far more difficult to capture and quantify.!*1%!

The important contribution of human error to surgical adverse
events is increasingly recognised and our data suggest that over a
third (158/432) of all morbidities were related to human error rather
than surgical or systemic disease. This has remained constant with the
introduction of the HEMR, which reported human error as a cause
of 33% of all adverse events.!'" These findings highlight the need
for both general error awareness training and specific interventions
for a number of common clinical scenarios and procedures.'®”! In
addition modern taxonomies of error and modern classifications of
morbidity must be used to help staff understand where in the process
of care error intervened."24581315]

The most common morbidity associated with thoracic trauma is the
failure to recognise and treat a tension pneumothorax and the failure to
diagnose acute diaphragmatic herniation. Thoracic trauma is a common
surgical condition in our institutions and there are a number of courses
designed to equip junior staff to manage these injuries. The most well-
known course is the Advanced Trauma Life Support (ATLS) course
of the American College of Surgeons. Despite the wide penetrance of
ATLS in our environment, we still see a significant morbidity associated
with thoracic trauma."” This is secondary to both diagnostic failure and
procedural failure, and evidenced by the observation that iatrogenic
morbidity secondary to CVL placement and ICD insertion are common
problems. These failures can be considered as protocol violations,
as failure to follow ATLS guidelines resulted in morbidity and even
mortality. It is apparent that educational courses in isolation will not
reduce the incidence of surgical morbidity and they need to be included
as part of a multifaceted quality improvement programme.®! This is
analogous to the fact that good traffic regulations by themselves will
not reduce traffic-related accidents and a combination of enforcement
and mechanical interventions such as traffic calming speed humps are
required to improve traffic safety. The development of preoperative ‘tick-
box’ style checklists has been shown to help reduce operative mortality
and may have a major role to play in reducing morbidity associated with
these common procedures.'81%)

The morbidity most commonly associated with blunt abdominal
trauma is delayed recognition of the need for laparotomy. Hollow
visceral injury following blunt abdominal trauma has an indolent
presentation, as mesenteric avulsion may initially be asymptomatic
as the avulsed segment only becomes ischaemic after several hours.
Failure to review special investigations is a problem, as evidenced by
the missed retained blade and the missed pneumothoraces post CVL
insertion. The incidence of missed injury at operation has remained

constant at just under 1.5%, in all reports from our institution from
2008 until the present.*#! These morbidities are much less common
than those associated with thoracic trauma, ICD insertion and CVL
placement. The most appropriate educational interventions for these
errors and morbidities will most likely be general error awareness
training to encourage staff to be error aware. These programmes
must encourage staff to constantly recycle information while actively
excluding likely complications and clinical scenarios.

Conclusion

The institutionalisation of a structured MMC resulted in increased
reporting of morbidity in our trauma service. However, the reliance
on self-reporting and paper-based systems still resulted in gross
under-reporting of morbidity, as shown when data are compared with
the post-HEMR era. The patterns of morbidity have largely remained
constant between the two eras although pneumonia and surgical
site infection seem to have been particularly poorly captured under
the previous system. We have identified common clinical scenarios
and procedures that are associated with error and morbidity. It is
hoped that analysis of the cases discussed at the MMC can inform
educational initiatives that directly target human error.
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