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Preventable mortality in geriatric hip fracture

inpatients

There is a high rate of mortality in elderly patients who sustain a fracture of the hip. We
aimed to determine the rate of preventable mortality and errors during the management of
these patients. A 12 month prospective study was performed on patients aged > 65 years
who had sustained a fracture of the hip. This was conducted at a Level 1 Trauma Centre with
no orthogeriatric service. A multidisciplinary review of the medical records by four
specialists was performed to analyse errors of management and elements of preventable
mortality. During 2011, there were 437 patients aged > 65 years admitted with a fracture of
the hip (85 years (66 to 99)) and 20 died while in hospital (86.3 years (67 to 96)). A total of
152 errors were identified in the 80 individual reviews of the 20 deaths. A total of 99 errors
(65%) were thought to have at least a moderate effect on death; 45 reviews considering
death (57%) were thought to have potentially been preventable. Agreement between the
panel of reviewers on the preventability of death was fair. A larger-scale assessment of
preventable mortality in elderly patients who sustain a fracture of the hip is required.
Multidisciplinary review panels could be considered as part of the quality assurance process

in the management of these patients.

Cite this article: Bone Joint J 2014;96-B:1178-84.

Despite the decreasing incidence of fractures of
the hip in Australia,! the total number of frac-
tures is rising in line with global trends.>* The
increasing burden has major socio-economic
consequences.* This age group is highly vulner-
able to morbidity and mortality. Pre-existing
illness and functional deficit, surgical stress,
and post-operative immobilisation result in
rates of mortality one-year after operation of
up to 30%.° It is not known whether the mor-
tality reflects the poor pre-existing health of
the patients or errors in medical care. How-
ever, there has been a steady increase in the age
of patients who sustain this injury over the last
four decades with little change in mortality.*®

Mortality has been widely used as an end-
point in assessing this group of patients, and
is taken as a surrogate marker for the quality
of care delivered to geriatric patients with a
fracture of the hip. In-hospital mortality rates
of up to 20% have been cited in systems that
have orthopaedic care as their main model.”
Potentially preventable errors occur in the
management of elderly patients. Impressive
reduction in the rates of mortality has been
achieved when more holistic models of care
have been followed.®

In the management of elderly patients with a
fracture of the hip, crude mortality may not be

an appropriate measure of the quality of care.
A proportion of these patients will die irrespec-
tive of the quality of medical treatment. Studies
on preventable mortality have been used for
the past 50 years to assess the delivery of
trauma care,” with institutions identifying
deaths which may not have occurred if alterna-
tive management had been undertaken.'® Such
studies have been used in Australia'"*!'? partic-
ularly in the modern trauma community.!3"
The prevalence of potentially preventable
errors and mortality in patients who have sus-
tained a fracture of the hip is not known.

We hypothesised that substantial preventa-
ble mortality and errors exist in the manage-
ment of elderly patients who sustain a fracture
of the hip, and performed a prospective study
using a panel of experts to identify these.

Patients and Methods

The study took place at the John Hunter Hos-
pital, New South Wales (NSW), a university
affiliated, Royal Australian College of Sur-
geons verified, Level 1 trauma centre which
admits > 400 patients with a fracture of the hip
per year.?® All patients aged > 65 years with a
proximal femoral fracture of AO Muiller clas-
sification 31 A or B*! were prospectively fol-
lowed on admission over a one-year period
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(2011). This involved 437 patients. Patients who met inclu-
sion criteria were identified and those who died as inpa-
tients were subjected to review by a panel of
multidisciplinary experts. The study had ethical approval.

The panel consisted of a geriatrician (TLB), orthopaedic
surgeon (Z]B), an anaesthetist (PLB) and general physi-
cian (JA). All were chosen due to their experience and
interest in managing orthogeriatric patients and all had a
knowledge and understanding of the resources and expec-
tations of the orthopaedic trauma and medical services of
the institution.

Each member of the panel was blinded to the others’
opinions during the review process. They were provided
with a death review synopsis, a succinct summary of the
events during hospitalisation, as well as a hard copy of all
the medical records during admission, including the pathol-
ogy results and death certificates. They were briefed on
how to complete a preventable mortality questionnaire
before review of the deaths. The questionnaire was based
on previous studies of preventable mortality.!>2>23

The questionnaire allowed a maximum of five crucial
errors deemed significant to the reviewer to be listed. The
location and time of the error (emergency department, pre-
operative ward, operating theatre (OT), within 24 hours
post-operatively, between 24 and 72 hours post-opera-
tively, and beyond 72 hours post-operatively) and the
nature of the error (delay in treatment, delay to OT, delay
in diagnosis, errors in diagnosis, technique, and medical
judgement, inadequate documentation, communication
failure) was recorded. Whether the error had an impact on
the outcome (death) was noted (no impact, minimal
impact, moderate impact, major impact), as was its pre-
ventability (unpreventable, potentially preventable, proba-
bly preventable or definitely preventable). Errors were
presented as means for all the reviewers combined.

Ultimately, deaths could therefore be classified as ‘unpre-
ventable’, ‘possibly preventable’, ‘probably preventable’ or
‘definitely preventable’. Preventable death was defined as
one that satisfies three tenets: 1) the general condition on
admission was survivable, 2) the delivery of care was sub-
optimal and 3) the error in care was directly or indirectly
implicated in the death of the patient.’

Demographic, peri-operative and predictive data were
collected for patients and compared with available data for
all patients who were admitted with a fracture of the hip in
2011. Admissions for 2011 were calculated by cross-
referencing with our institutional long bone fracture data-
base and theatre records. Mortality was generated by sub-
mission of patient demographics to the NSW Government
Registry of Births, Deaths and Marriages.

A control group was prepared from the 417 patients with
a fracture of the hip who did not die as an inpatient. Each
was matched for age, gender and American Society of Anes-
thesiologists (ASA) grade?* with one of those who died as
an inpatient. Reviewers also recorded the medical errors
from these patients’ records.
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Statistical analysis. Continuous data are presented as a
mean value for all assessors, with range, for parametric
variables and as medians and interquartile ranges (IQR) for
non-parametric variables. Categorical data are presented as
proportions. Comparisons between means were performed
using one-way analysis of variance (ANOVA) and between
medians using the Mann—-Whitney U test. Categorical data
were analysed using the chi-squared test. The level of agree-
ment between pairs of reviewers was calculated using
Cohen’s Kappa coefficient. The intraclass correlation coef-
ficient (ICC) was used to assess the agreement achieved
between reviewers. Statistical significance was set at
p = < 0.05. Analysis was performed using IBM SPSS Statis-
tics 20 (IBM SPSS Inc., Armonk, New York).

Results

Of the 437 patients identified for inclusion in the study
(mean age 85 years (66 to 99); M:F 138:299), 20 died as
inpatients (4.6%) and the overall 30-day mortality for the
cohort was 37 patients (8.4%).

The mean age of the 20 inpatients who died was 86.3
years (67 to 96; M:F 10:10). A total of 14 of this group pre-
sented to the emergency department during normal working
hours (defined as 7am to 7pm, Monday to Friday); 14 had
general medical and/or medical subspecialty review during
the admission. The control group was matched with a mean
age of 86.4 years (67 to 97; M:F 9:11) and ASA matched for
the 14 who died as an inpatient and had been assessed by an
anaesthetist.

A total of 13 of those who died as an inpatient underwent
operative intervention. This was performed at a mean of
25.9 hours (2 to 52) after admission, and 11 of these had their
operation within normal working hours. Only two of the
operative candidates had their surgery postponed due to
insufficient operative availability. The mean length of the
anaesthetic was 120 minutes (92 to 160). The ASA grade was
2 for one patient, 3 for eight patients and 4 for four patients.
There were no intra-operative deaths. A total of three patients
died within 24 hours of surgery. The median time between the
operation and death was 4.6 days (0.33 to 26.4).

Only six of the 20 deaths occurred in normal working
hours: six of the 20 deaths were due to myocardial infarc-
tion, four to sepsis, four to pneumonia, two to gastrointes-
tinal haemorrhage, one to stroke, one to pulmonary
embolus, one to intestinal ischaemia and one to acute renal
failure. Only two patients were referred to the coroner in
addition to the three who died within 24 hours of the oper-
ation, for whom referral was compulsory. The treating res-
ident doctors decided the cause of death in 13 patients.

There was a lack of agreement between the four review-
ers about the number errors in the delivery of care in both
the patients who died and amongst the controls. However
in both groups, the geriatrician identified the greatest num-
ber of errors per patient (Table I). A total of 152 errors were
identified in the 20 deaths and 54 errors were identified in
the control group.
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Table I. Reviewer errors and death preventability (shown as mean values with ranges)

Mortality preventability (n = 80)

Potentially Probably Definitely
Errors per control Errors per death Unpreventable preventable preventable preventable

Physician 0.55 (0to 1) 0.85 (0 to 3) " 6 3 0

Geriatrician 1.10 (0 to 3) 2.75 (0 to 5) 2 1 7 0

Anaesthetist 0.70 (0 to 4) 2.15 (0 to 4) 9 8 3 0

Orthopaedic Surgeon  0.55 (0 to 2) 1.85 (0 to 4) 13 7 0 0
< 0.4 . error in technique (n = 22, 10.4%), communication (n = 15,
°~é 0.35 | 8.1%), d‘elay to theatre (n = 10, 4.7%) and in‘adequate doc-
S 03 umentation (n = 5, 2.4%). The 54 errors in the control
s 7] group were grouped into 60 types: error in judgement (n =
*g 0.25 4 32,53.3%), communication (n = 13, 21.7%), error in tech-
% 0.2 | nique (n = 5, 8.3%), inadequate documentation (n = 4,
S 0.15 | 6.7%), delay in treatment (n = 3, 5.0%), error in diagnosis

£ o1 (n =2, 3.3%) and delay to theatre (n = 1, 1.7%).

s - The 152 errors amongst the patients who died were dis-
& 0.05 4 tributed over 259 timings and locations. More than half
0 - (n =155, 59.9%) of errors occurred pre-operatively, with
Pre-op <24 hrs 241072 hrs > 72 hrs 88 (34.0%) in the emergency department and 67 (25.9%)

Location/timing of errors
Fig. 1

Histogram showing location and timing of errors (ED, emergency
department; OT, operating theatre, Pre-op, pre-operative).

The errors noted by the reviewers for those who died as
an inpatient were accumulated and collated in subgroups.
In order of prevalence, these were: insufficient medical
team involvement (n = 22, 14.1%), poor management of
medical conditions (n = 19, 12.3%), poor fluid or haemo-
dynamic management (n = 15, 9.9%), poor management of
arrhythmia (n = 13, 8.6%), poor management of medica-
tion (n = 13, 8.6%), poor pre-operative medical assessment
(n =11, 7.4%), delay of operative intervention (n = 8,
4.9%), poor electrolyte management (n = 8, 4.9%), inade-
quate orthopaedic skill (in geriatric patient management;
n =6, 3.7%) and poor communication between specialties
(n = 6, 3.7%). Other less represented errors accounted for
the remainder (n = 33, 21.7%).

The errors in the control group were divided into poor
discharge planning (n = 14, 25.9%), insufficient medical
involvement (n = 9, 16.7%), poor cognitive documentation
(mostly failing to assess cognitive ability with an assessment
of the mental state; n = 9, 16.7%), poor fluid or haemody-
namic management (n = 5, 9.3%), inadequate orthopaedic
skills (n = 3, 5.6%) and other types of error identified less
frequently (n = 14, 25.9%)

The 152 errors which contributed to the deaths were
allocated between 211 types: error in judgement (n = 55,
26.0%), error in diagnosis (n = 44, 20.8%), delay in treat-
ment (n = 35, 16.6%), delay in diagnosis (n = 25,11.8%),

on the ward. Only 13 (5.0%) of errors occurred during
the operation, with 36 (13.9%) happening within the first
24 hours post-operatively, 30 (11.6%) between 24 and
72 hours post-operatively, and 25 (9.7%) occurring after
72 hours (Fig. 1). Of the errors, 3 (2.0%) were deemed
unpreventable, 48 (31.6%)  possibly  preventable,
41 (27.0%) probably preventable and 60 (39.5%) defi-
nitely preventable.

In the control group, the 54 errors were spread over
120 timings and locations. More than two-thirds of errors
occurred post-operatively; 19 (15.8%) within the 24 hours,
26 (21.7%) between 24 and 72 hours post-operatively, and
36 (30.0%) after 72 hours. In contrast, 20 (16.7%)
occurred in the emergency department, 17 (14.2%) pre-
operatively on the ward and 2 (1.7%) intra-operatively. No
errors were deemed unpreventable, 5 (9.3%) possibly pre-
ventable, 17 (31.5%) probably preventable and
32 (59.3%) definitely preventable.

When the impact of the errors is considered with regard
to timing and location for inpatient deaths, it was only in
the operating theatre that most errors were thought to have
minimal effect on the outcome (Fig. 2).

The effect of errors on mortality was recorded as:
6 (3.9%) having no effect, 48 (31.6%) having minimal
effect, 65 (42.8%) having a moderate effect and 33
(21.7%) having a major effect on death. The relationship
between the effect of errors on mortality, and the preventa-
bility of those errors, showed that 44 (66.4%) of the errors
that had a moderate effect on death (n = 65, 42.8% of
errors), and 25 (75.8%) of the errors that had a major
effect (n = 33, 21.7% of errors), were probably or definitely
preventable (Fig. 3).

Of the 80 reviews of inpatient mortality, 35(43.8%) of
the deaths were classified as unpreventable, 32 (40%) as
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Histogram showing the effect on error outcome per location/timing (ED, emergency department; OT,

operating theatre; Pre-op, pre-operative).
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Fig. 3

Histrogram showing the effect of errors on outcome and preventability.

possibly preventable and 13 (16.3%) as probably prevent-
able. No reviewer considered any of the deaths as definitely
preventable (Table I).

Unpreventable deaths featured a mean of 5.7 (1 to 13)
errors per review. Possibly and probably preventable
deaths had 9.1 (3 to 13) and 8.5 (2 to 13) mean errors per
review, respectively. This difference in errors between
groups was statistically significant (p < 0.001 Kruskal-
Wallis). There was no significant difference in age
(p = 0.41, Kruskal-Wallis,), time to surgery (p = 0.41,
Kruskal-Wallis) or ASA grade (x2 test, p = 0.78) between
these patients (Table II).

Fair agreement regarding preventability of each death
was demonstrated by an intra-class correlation coefficient
of 0.46 (95% confidence interval (CI): 0.001 to 0.778). The
Kappa index of concordance recorded moderate agreement

VOL. 96-B, No. 9, SEPTEMBER 2014

between the anaesthetist and orthopaedic surgeon (k = 0.54).
Within the other relationships, agreement was slight
(k = 0.07 to 0.17) and even worse than chance between the
anaesthetist and general physician (k = -0.13) (Table III).

Discussion

In this study, preventable errors were found in the care of
geriatric patients with hip fractures, some of which were
considered to have contributed to the patients’ death.
Therefore, an element of preventable mortality exists in our
institution, as do inadequacies in management.

Very few errors occurred during the operation. Most
were deemed to have had minimal effect on death and
occurred pre-operatively involving inadequate medical
involvement in patient care and inadequate management of
medical conditions.
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Table Il. Differences between preventability of death reviews (means with ranges as appropriate)

ASA” Grade (Grade, reviews with

Review outcome Errors Age (yrs) Time to operation (hrs) ASA, %)

Unpreventable (n = 35) 5.7 (1t0 13)" 84.3 (67 to 96) 23.8 (2to 52) 2:2 (9.5%)/3:12 (57.1%) /4:7 (33.3%)
Possibly preventable (n = 32) 9.1 (310 13)" 88.0 (67 to 96) 24.0 (2 to 52) 2:2 (8.0%)/3:18 (72.0%)/4:5 (20.0%)
Probably preventable(n = 13) 8.5(2to 12)" 86.5 (73 to 95) 24.2 (20 to 52) 2:0 (0%)/ 3:6 (60%)/4:4 (40%)

*ASA, American Society of Anesthesiologists
T Kruskal-Wallis, p < 0.001

Table lll. Level of agreement between reviewers

Kappa-concordance

Geriatrician
Physician 0.171
Anaesthetist 0.07

Orthopaedic surgeon  0.053

Physician Anaesthetist
-0.126 -
0.147 0.538

A wide range of errors was made, of which most were
thought to have been probably preventable and had at least
a moderate effect on the eventual outcome. Deaths with a
higher degree of preventability featured more errors,
despite there being no difference in age, ASA score, or time
to surgery, all of which are considered to be independent
predictors of mortality.?5-*

More than half of all inpatient deaths were thought to be
at least possibly preventable. The inter-observer agreement
between the reviewers was fair. Despite the fact that most
patients presented and had their surgery during normal
working hours, more than two-thirds of deaths happened
outside this time, and from a wide variety of conditions.

A control group was included for which all reviewers cited
fewer errors. Lack of involvement from a medical team, poor
discharge planning and poor cognitive assessment, which
affects the selection of destination of discharge and hence
length of stay, were the major errors which were identified.
Errors in fluid and haemodynamic management constituted
the main error in ‘medical management’. Errors in judge-
ment and communication constituted of 75% of the types of
error, and most of these occurred post-operatively. The out-
comes between the control group and those who died were
not blinded, which could affect the identification of errors
despite efforts to remain objective. As most errors that can be
prevented and influence mortality occur in the peri-operative
period, future designs of study could be improved by focus-
ing on this period of time and blinding outcomes.

Surgeons were the first to publish rates of mortality and
have tended to assume responsibility for their outcomes.?”
Reduction in the rate of mortality has been commonly used
as a surrogate marker for improvement in care in trauma sur-
gery.?® A reduction of preventable mortality has been well
documented after the introduction of trauma systems. In
seminal studies from Orange County, California, potentially
salvageable deaths related to trauma were substantially
reduced from 71% to 21%?2° and from 34% to 15%.%" This
experience has been repeated elsewhere, 2141618

It is currently recommended that fixation of fractures of
the hip should be undertaken within 36 hours of presenta-
tion,>! with delays of more than 48 hours leading to
increased mortality.>>* In our cohort, timely operative
management was achieved but may have limited the time
available for medical preparation or pre-operative plan-
ning. Shorter times between admission and surgery have
been shown to be a predictor of increased inpatient mortal-
ity, possibly for this reason.’*

Teixeira et al'® examined 2000 deaths over eight years in
a mature trauma system, showing ‘delay in treatment’,
‘clinical judgement’ and ‘missed diagnosis’ to be the major
types of error. The management of fractures in the elderly
does not include the same urgency, but we similarly see that
‘delay in treatment’, ‘error in diagnosis’, and ‘error in
judgement’ constitute the most common types of error in
this study.

The variety of causes of death was similar to other
reports.>S Inpatient mortality was 4.6% in our institution,
which is higher than in many international centres.® No
deaths were deemed definitely avoidable, which is under-
standable given the complex physiological state of patients
who sustain a fracture of the hip, but most had elements of
preventability.

The greatest agreement regarding the possible preven-
tion of death was between the orthopaedic surgeon and
anaesthetist. The second greatest was between the physi-
cian and geriatrician, however this was slight. Other
agreement was slight, with no agreement between the
anaesthetist and physician.

Detailed examination of the negative relationship
revealed agreement in seven patients. However, the physi-
cian believed that death had a higher degree of preventabil-
ity in six patients and cited lack of involvement of the
medical team and failure to diagnose infection early. In the
remaining seven patients, in which the anaesthetist cited a
higher degree of preventability, poor management of peri-
operative rapid atrial fibrillation, bradycardia, and
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hypotension were cited. These were not mentioned by the
physician. This difference in perspective suggests that better
peri-operative haemodynamic management, led by anaes-
thetists, and better post-operative medical leadership, led
by physicians, would reduce mortality.

As shown in large trauma studies, it is not the lack of
availability of sophisticated personnel or institutional
resources that leads to preventable deaths, but inadequate
management.>®

Blinding reviewers results in low Kappa concordance
compared with panel discussions. The increase in concord-
ance from discussion does not necessarily relate to an
increased validity of the technique, as the Kappa score was
designed for independent reviewers.!” Kappa scores in
some multiple panel trauma reviews of mortality have
achieved a concordance of p > 0.8,%” which is far greater
than our scores with blinded reviewers.

Panels have been made up in different ways in the past,
with different ways of establishing whether a death was
preventable or not. These have included: panel consensus
reviews (which tend to overestimate preventable death),
independent reviews, modified independent review and a
unanimous review (which tend to underestimate preventa-
bility).” In our study, we allowed each reviewer’s opinion to
constitute a single entity, for analysis. Each subspecialty has
a particular insight into certain facets of orthogeriatric
management, and can detect errors, and whether these
could have been avoided and death possibly prevented. The
panel consisted of specialists who were well versed, and
involved in the provision of orthogeriatric care. As the pub-
lic awareness of what constitutes good clinical care has
increased, the ability for the medical profession to assess
quality must likewise increase. If preventable mortality can
be identified, improved models of care should be formu-
lated and validated. Better use of existing resources has
been shown to decrease length of stay, the time between
admission and surgery, and mortality.

The need for institutional protocol and guidelines has
been suggested recently by the NSW Health Clinical Excel-
lence Commission® based largely on the British Orthopae-
dic Association’s 2007 Blue Book and recent National
Institute of Health and Clinical Excellence guidelines."*°
Prospective data collection is the optimal way of assessing
the effects of changes in management, as seen in the United
Kingdom.*! Large retrospective population-based studies
of geriatric patients who sustain fractures of the hip have
been performed in the state of NSW.** The reduction of
mortality amongst high energy patients has been elucidated
through analysis of the NSW trauma registry.*? Similar pro-
spectively collected State or National level registries of hip
fractures would allow similar analyses.

The fact that more than 50% of deaths were at least
possibly preventable, suggests that mortality can be
reduced with improved care pathways.** In the event that
preventable mortality is overestimated, it certainly does not
diminish the importance of trying to reduce the medical
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errors that may result in death. Even if a patient’s life expec-
tancy is short, preventable errors that lead to death in hos-
pital should still not be acceptable for the medical
profession.

The financial burden of the management of hip fractures
in the elderly is projected to increase dramatically as their
prevalence increases.*> An Australian National Hip Frac-
ture Registry, currently being trialled and based on the
United Kingdom National Hip Fracture Database,*! could
benefit from including information about deaths as an
inpatient to identify preventable errors and preventable
mortality. This may be an effective way of comparing insti-
tutions that have different models of treatment of hip frac-
tures to identify the ideal management.

A proportion of elderly patients who die while in hospi-
tal after treatment for a fracture of the hip do so for pre-
ventable reasons. The need for timely senior input in peri-
operative medical optimisation is evident. The prevalence
of preventable mortality and errors in care can be used as
an indicator of quality in the management of these patients.
No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by G. Scott and first proof edited J. Scott.
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