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Abstract

Objectives: The Nottingham hip fracture score (NHFS) and the Surgical
outcome risk tool (SORT) are both validated scoring systems used to predict
mortality rates in patient with Fractured neck of femur (FnF). The primary aim
of this study was to compare the accuracy of the predicted 30-day mortality
rates between NHFS and SORT in patients with FnF. The secondary aim was to
investigate the influence of patient and surgical factors on 30-day mortality.

Methods: The NHFS and SORT score was collected from 212 patients
admitted with FnF. Variables including hip fracture type, surgical procedure
and peri-operative haemoglobin, gender and ASA grade were also collected
and further analysed to assess their influence on 30-day mortality rates.

Results: Overall actual 30-day mortality rate for the study population
was 11.3% (n=24). There was a significant difference between the mean
predicted 30-day mortality for the NHFS (8.0%) and the SORT score (7.0%,
p=0.006). The was no difference in mortality rates between the different
fracture types (p=0.889). There was a significant difference in mortality rates
when comparing surgical procedures (p=0.031). Patients who had a notable
fall in haemoglobin peri-operatively had significantly higher mortality rates
(p<0.001). Males had significantly higher mortality rates compared to females
(20.0% vs 8.6% respectively, p=0.027). Higher ASA grades also had significantly
higher mortality rates (p=0.003).

Conclusion: NHFS was found to be significantly more accurate at
calculating 30-day mortality rates compared to the SORT score in patients with
FnF. Surgical procedure and patient factors including gender, ASA grade and
peri-operative haemoglobin also significantly influenced mortality rates but
fracture type did not.

Introduction

Fractured neck of femur is the most common serious injury
causing older patients to present to hospital'.In 2016, 65,000 people
over the age of 65 presented to hospital with a fractured neck of
femur costing the National Health Service (NHS) and social care £1
billon in the United Kingdom (UK)!. Mortality rates have improved
in the past 50 years and vary dramatically based on co-morbidities,
however a crude mortality rate of 6.7% was quoted for 2016

Given the large number of patients and high mortality, being able
to predict mortality rates is important for clinicians and provides
valuable prognostic information for families. Two validated scoring
systems for fractured neck of femur patients include the Nottingham
Hip Fracture score (NHFS)? and the Surgical Outcome Risk Tool
(SORT)3. The clinical relevance of these scoring systems can be
demonstrated on a patient level and to discuss with relatives the
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probable expectations of surviving the surgery. One can
predict with some certainty that a patient with an NHFS
score of 8 will likely have a worse outcome, than a patient
with an NHFS score of 2.

The NHFS was initially developed in 2007 as a tool to
predict 30-day mortality following hip fractures. The tool
was then re-validated in 2012 across multiple centres and
the scoring system subsequently updated to reflect the
validated mortality rates. This tool uses multiple variables
which are easily obtained as part of a routine hospital
admission clerking to predict 30-day mortality.

The SORT is a similar tool which again uses variables
which are easily acquired during a routine clerking to
calculate 30-day mortality. The SORT score is an online
web resource created by the collaborative effort between
National confidential enquiry into patient outcome and
death (NCEPOD) researchers and doctors in anaesthesia
and intensive care medicine who are part of the Surgical
Outcomes Research Centre (SOuRCe) team?®.

Both tools give predicted mortality as a percentage at
30-days, however they give different results for the same
patient.

The primary aim of this study was to compare the
accuracy of the predicted 30-day mortality rates between
NHFS and SORT in patients with fractured neck of femur.
The secondary aim of this study was to investigate
the influence of patient and surgical factors on 30-day
mortality including type of hip fracture pattern, type of
surgical procedure performed, gender, American Society of
Anesthesiologists (ASA) physical status classification grade
and peri-operative haemoglobin levels.

Materials and Methods

This is a retrospective cohort study (which did not
require IRB / ethics committee approval) where all
patients admitted to the department of Trauma and
Orthopaedic surgery at a district general hospital with a
diagnosis of fractured neck of femur between the dates
of 1%t January 2012 to 31% December 2012 were included.
Data collected from the hospital records and patients notes
included patient demographics, date of hospital admission,
type of hip fracture and surgical procedure. The relevant
information required to calculate both the NHFS (Table 1)
and the SORT (Figure 1) scores were also collected. NHFS
generates a final score as well as a mortality rate. SORT
generates only a mortality rate.

The overall actual 30-day mortality rate for the study
population was calculated as was the predicted 30-day
mortality rates based on NHFS and SORT. The results of
which were then compared to assess their accuracy.

The variables of fracture pattern type (intra-capsular
/ extra-capsular), surgical procedure, ASA grade, gender

Surgical Outcome Risk Tool (SORT)

Main Group

(select procedure group... 3
Sub Group

[ Select procedure sub-group.... 3]
Procedure Description

(Select procedure.... D)
Severity [EI

Minor
ASA-PS

1 2 3 4 5

Intermediate Major Xmajor/complex

Urgency

Elective Expedited Urgent Immediate

Thoracics, gastrointestinal or vascular surgery

Yes No
Cancer |l Age
Yes No <65 65-79 >80
Figure 1: Surgical Outcome Risk Tool®
Table 1: Nottingham Hip Fracture Score tool?
Variable Value score
Age <66 0
66-85 3
>/=86 4
Sex Male 1
Admission HB </=10g/dI 1
MMSE* </=6 out of 10 1
Living in an institution yes 1
Number of Co-morbidities >/=2 1
Malignancy yes 1

*Mini-Mental State Examination

and peri-operative haemoglobin were further evaluated to
assess their influence on 30-day mortality rates.

Statistical Analysis

All continuous data sets (NHFS and SORT data) were
assessed for normality of distribution by plotted histograms
of the data which displayed a skewed distribution. This was
verified by the Shapiro-Wilks test. The corresponding non-
parametric statistical test for paired data (Wilcoxon Signed
Rank Test) was used for this part of the data analysis. All
binomial categorical data was analysed using the Pearson
Chi-Square Test. The alpha significance level was set at
5% (p<0.05). Statistical analysis was performed using IBM
SPSS version 24.0 (IBM Corp., Armonk, New York).

Results

A total of 212 patients were included in the study. Table
2 shows the patient demographics in the study.

The overall actual 30-day mortality rate for the study
population was 11.3% (n=24).

Complete data was only available to calculate the
NHFS for 156 patients. The mean NHFS score was 5.1 and
the mean predicted 30-day morality rate was 8.0%. The
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Table 2: Patient Demographics

Demographic Number of patients

Total number of patients (n) 212
Male: Female 50:162
Mean Age (yrs) (range) 81.5 (46-103)
Mean ASA* grade (range) 2.8 (1-4)
Intra-capsular: Extra-capsular fractures 112:100

*American Society of Anesthesiologists physical status classification
grade

Table 3: Comparison of NHFS predicted 30-day mortality and actual
30-day mortality (n=156)

NHFS Score Number of | Predicted 30-day = Actual 30-day
Patients mortality (%) mortality (%)
0 1 0.7 0
1 4 11 25
2 5 17 0
3 8 2.7 0
4 33 4.4 33
5 41 6.9 4.9
6 L 11 16.7
7 17 16 5.9
8 10 24 30
9 1 34 0

actual (adjusted) 30-day mortality rate for this group (156
patients) was 7.7% (n=12). Of the remaining patients who
had insufficient data to calculate the NHFS, 10 died within
30-days of hip surgery. Those who did have complete
data (156 patients) to calculate the NHFS predicated 30-
day mortality rate were then grouped according to their
NHFS score and then compared to their actual 30-day
mortality rates (Table 3). This shows that although overall
the NHFS was good at predicting 30-day mortality, for each
individual NHFS score group it was not as accurate, albeit
in the extremes of each grouping the sample size was small.

Complete data was available to calculate the SORT score
for 205 patients. The mean predicted 30-day mortality rate
for this group was 7.0%. The actual (adjusted) 30-day
mortality rate for this group (205 patients) was 10.2%
(n=21). Of the remaining patients who had insufficient data
to calculate the SORT score, 3 died within 30-days of hip
surgery.

There was a significant difference between the mean
predicted 30-day mortality for the NHFS and the SORT
score (Table 4).

The comparison between fracture neck of femur pattern
types (intra- vs extra-capsular) showed no difference in
mortality rates (Table 5).

There was a significant difference in 30-day mortality
rates among the different types of fracture fixation
procedures and treatments (Table 6). Patients who had
a total hip replacement (younger, healthier and more

Table 4: Comparison of NHFS vs SORT Predicted Mortality Rates

NHFS SORT
Mean Predicted Mortality (%) 8.0 7.0

p-value!
0.006*

Wilcoxon Signed Rank Test
*Statistically significant at <0.05

Table 5: Comparison of 30-day mortality and Type of Fracture

Type of Group 30-day 30-day Mortality

= 1
Fracture Total (n) | Mortality (n) Rate (%) p-value
Intra-capsular 112 13 11.6 0.889
Extra-capsular 100 11 11.0

!Pearson Chi-Square Test

Table 6: Comparison of 30-day mortality and Treatment Modality

Group 30-day 30-day Mortality

Surgical Procedure Total (n) Mortality (n) Rate (%) p-value!
Hemi-arthroplasty 89 11 8.1 0.031*
THR? 19 0 0

Cannulated screws 2 0 0

DHS? 78 9 115

IM* Nail 18 1 5.6

Conservative 6 3 50.0

'Pearson Chi-Square Test
*Statistically significant at <0.05
Total Hip Replacement
3Dynamic Hip Screw
4Intra-Medullary

Table 7: Comparison of 30-day mortality and Gender

Group 30-day 30-day Mortality .
Gender Total (n) | Mortality (n) Rate (%) p-value
Male 50 10 20.0 0.027*
Female 162 14 8.6

'Pearson Chi-Square Test
*Statistically significant at <0.05

active patients) had a lower mortality rate, however
conservatively managed patients (who were moribund
and too unwell for surgery) had a significantly higher
mortality rate. There were six patients who were treated
conservatively, three who survived past 30-days. Of the
three patients who survived 30-days, one had a fracture
on the side of an above knee amputation, one died shortly
after 30-days and the other was an impacted fractured who
had been mobilising pain free.

There was a significantly higher mortality rate in males
compared to females (Table 7).

The mortality rate significantly increased along with
the ASA grade and was particularly high in ASA 4 patients
(Table 8).

Table 9 shows the comparison between the change in
haemoglobin (comparing pre-operative haemoglobin levels
with post-operative haemoglobin levels) and the effect on
mortality. This revealed that a positive change (rise greater
than 20 g/L) had the lowest mortality, in comparison to
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Table 8: Comparison of 30-day mortality and ASA

ASA Group Total (n) Mogr?;f:::(n) 30-d:Zt2n8;t)ahty p-value!
1 6 0 0 0.003*
2 45 3 6.7
3 133 11 8.3
4 21 7 33.3

!Pearson Chi-Square Test
*Statistically significant at <0.05

Table 9: Comparison of 30-day Mortality and the Change in
Haemoglobin

Change in Haemoglobin | Group | 30-day | 30-day 1
(g/L) Total | Mortality Mortality p-value
(pre-op vs post-op) (n) (n) Rate (%)
Negative change </=20 4 3 75.0 |<0.001*
Between -20 to +20 110 14 12.7
Positive change >/=20 102 7 6.9

!Pearson Chi-Square Test
*Statistically significant at <0.05

patients who had no significant change in haemoglobin
levels and especially to patients who had a significant fall in
their haemoglobin (reduction more than 20 g/L). Patients
who demonstrated a rise in haemoglobin post-operatively
was due to intra-operative blood transfusion which was
done at the discretion of the anaesthetist. The general
threshold for blood transfusion was a haemoglobin below
80g/1.

Discussion

The main findings of this study showed that the NHFS
was more accurate at predicting 30-day mortality rates
than the SORT score. Furthermore, fracture fixation
and treatment modalities, gender, ASA grade and peri-
operative haemoglobin levels all had a significant influence
on mortality rates but fracture pattern type did not.

Both the NHFS and the SORT score can predict 30-day
mortality in fractured neck of femur patients using clearly
defined set of variables that are easy to gather®®.

The NHFS was found to be more accurate at calculating
crude 30-day mortality rates as compared to the SORT
score in this study population. Possible reasons for this
finding are that the former is a tool that has been specifically
designed for calculating mortality in fractured neck of
femur patients, rather than the SORT score which is a pan-
surgical tool for calculating 30-day mortality rates for a
large variety of surgical procedures. The latter is therefore
a more generic tool.

Furthermore, the SORT score is less accurate as it
uses more subjective variables, such as ASA and severity
of operation®. The severity of operation is based on a pre-
defined classification for private health insurance payments,
rather than direct assessment of the physiological insult

of surgery®. A further limitation of the SORT score is that
the operations that they listed were not always complete
and they suggested that the nearest equivalent could be
used instead’. The NHFS also has subjective variables (i.e.,
number of co-morbidities)®. This field states that if the
patient has 2 or more co-morbidities, they will get 1 point
on the NHFS. It does not distinguish the severity of each co-
morbidity. For example, a patient with osteoarthritis of the
wrist and psoriasis would be given the same point score
for that field as a patient with heart failure and myocardial
infarction.

The main advantage of the SORT score is that there are
fewer variables to collect, all of which are easily attainable.
Protopapa et al.® opted to omit data such as pre-operative
haemoglobin levels and raised creatinine levels due to
poor data collection from their initial study. As researchers
wanted the SORT score to have greater generalizability,
they wanted to develop a tool that was speedy and enabled
collecting variables with ease as an important feature to
retain. Protopapa et al.® study collected a larger scale of
data (5903 orthopaedic cases). Their study was however,
not all fractured neck of femur patients, but a mixture of
surgery of any urgency (immediate, urgent, expedited or
elective) and required a planned overnight admission®.

Marufu et al.® concluded that neither the NHFS nor
the SORT score were particularly accurate for calculating
30-day mortality in fractured neck of femur patients after
hip surgery. The SORT score was not more accurate than
the NHFS and they also demonstrated that both have
acceptable discriminatory ability, but after recalibration of
both scores using adjusted co-efficients, found statistically
similar predicted and observed 30-day mortality for the
NHFS only®.

Although the NHFS did appear to accurately predict the
overall mortality rate for this study’s group of patients, it
did not appear to accurately predict the mortality for each
individual NHFS score sub-group (0 to 9). A small sample
size may well be the limiting factor for this however, given
that a small number of patients were in each score sub-

group.

It was not possible to calculate the NHFS in this study
for a number of the patients due to the lack of documented
mini-mental state examination (MMSE). It is difficult to
state why the MMSE’s were not done in these cases. Some
patients may have not been able to answer questions due
to confusion (i.e., a score of 0) as well as the converse,
the patient being so clearly orientated that the admitting
doctor did not deem it necessary. However clearly this
was a barrier in using the tool and indeed of retrospective
studies overall which are heavily reliant on accurate note
keeping of other professionals involved in the patient’s
care.
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In this study, the type of fracture pattern did not
significantly affect the mortality rate. The logical
explanation being that all surgical procedures for fracture
neck of femurs represent a major operation. In Cornwall et
al.’ study, they also showed that different fracture types do
not have an effect on patient mortality rates, but it is rather
each individual patient’s co-morbid factors that do have
an effect on mortality. The results of the mortality rates
compared to ASA grades in this study concur with the latter
finding. The results of Kesmezacar etal.'}, also showed there
were no significant difference in mortality rates between
inter-trochanteric and intra-capsular fractured neck of
femur. However, Haentjens et al.’? demonstrated that
inter-trochanteric fractures had an increased mortality at
discharge from hospital and a year later on than compared
to intra-capsular fractured neck of femur. Their study
was a 1-year prospective study that focused on female
patients only with no significant differences between the
two groups with respect to median age (80 and 78 years,
respectively), type and number of co-morbidities and pre-
fracture residence at the time of injury!2

In this study, there was a significant difference in
mortality rates between the different surgical procedures.
Patients undergoing a total hip replacement had zero
mortality as they represented younger, healthier and more
active patients. Patients who were too medically unfit to
undergo surgery (conservative treatment) had the highest
mortality rates as they were moribund and unlikely to
survive with or without surgery. Holt et al.’° found that
internal fixation of an inter-trochanteric fracture produced
a lower mortality rate than that of an uncemented hemi-
arthroplasty.

In this study, there were more female patients which
is in keeping with other studies in this field as females
overall have a longer life expectancy. However, there was
a significantly higher mortality rate in male patients.
Kannegaard et al.!* showed a similar finding in their study
but were unable to explain why this would be the case.
There may be many factors which can account for the
gender difference in mortality rates which may include
co-morbidities, cognitive function, pre-morbid mobility
status and living accommodation and intra-operative blood
loss owing to larger dissections in proportionally larger
patients.

In this study, we found a significant difference in
mortality when evaluating the change of peri-operative
haemoglobin levels. A positive haemoglobin change had the
lowest mortality. Foss et al.* have previously investigated
the relationship between post-operative haemoglobin and
mobility following surgery. Although their main aim was
to show that anaemia impedes mobility post-operatively
following hip surgery; their results also show that low
post-operative haemoglobin is an independent risk factor

for increased mortality following surgery. Willems et al.!*
demonstrated that higher post-operative haemoglobin
levels predict shorter length of hospital stay after hip
fracture surgery in the elderly. A shorter stay in hospital is
likely to mean a lower probability of contracting a hospital
acquired infection or prolonged immobility leading to
a thromboembolic event, thus, a decreased mortality
rate. It should also be noted that the necessity of blood
transfusion in itselfis a known risk factor for post-operative
complications and mortality.

All the post-operative haemoglobins collected were day
one post-operative bloods. According to Nagra et al.'’, the
day 1 post-operative haemoglobin is an underestimation
of the actual lowest value that is found on day 2. This is
likely due to hidden blood loss, while there is still the active
fracture haematoma and the blood loss consequent to intra-
operate dissection®. In lieu of these findings, clinicians
should not rely on day one post-operative blood results, but
instead have more frequent haemoglobin checks should be
performed on post-operative patients to prevent severe
anaemia complicating patient’s stay in hospital.

Suggestions for further study include investigating the
relationship between haemoglobin levels and the use of
blood transfusions, particularly looking into the effect on
mortality rates, but also on the effect of length of hospital
stay and need for prolonged rehabilitation.

It was noted that the overall mortality rate (11.3%)
in this study was higher than that of the data collected
by Moppet et al. (6.6%) upon which the modified NHFS
is based?. The Modified Nottingham Hip Fracture Score
results in the latter study was a mean NHFS of 4.5 as
compared to our study population with a mean of 5.1
(Respective medians of 4 and 5). This illustrates that the
patient population within our geographic location (North-
East England, UK) presenting to our institution have more
risk factors (i.e. more co-morbidities) which in turn will
have a profound effect on mortality rates. The distribution
of our patients NHFS score in comparison to those in the
Moppet et al.? study is shown in Table 10.

Table 10: NHFS Comparison between current study group and
modified NHFS publication?

NHFS | Proportion of total patients in Proportion in modified

Score sample (%) NHFS data (%)
0 0.6 2
1 2.6 1
2 3.2 1
3 5.1 21
4 21.2 27
5 26.3 25
6 23.1 16
7 11 6
8 6.4 1
9 0.6 0.03
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The main limitation of this study was that many patients
were missing data required to calculate their NHFS. In
total, 56 patients had data missing regarding their MMSE
specifically which consequently reduced the sample size
that can have their NHFS feasibly calculated. This has since
been rectified in our department with the implementation
of a proforma that is completed for all patients with a
fractured neck of femur which mandates that MMSE must
be completed by all doctors upon hospital admission. There
was also some data missing due to lost paper work but this
is a general limitation of all retrospective studies. Another
limitation is with calculating the SORT scores as the tool ranks
all surgical operations as ‘major-complex’ with the exception
of cannulated screws which it ranks as only ‘Major’, despite
all operations, from a surgical prospective, being equally
complex, sizable and physiologically imposing on these
elderly frail patients. This may mean that fundamentally the
SORT score under-ranks mortality for patients undergoing
cannulated screw fixation, and may affect the results in
this respect. Surgical delay of greater than 48 hours is a
known risk factor for increased mortality rate following hip
fractures. It is recommended that future studies also include
an evaluation of this data too.

Conclusion

This study has shown that NHFS was significantly more
accurate at calculating 30-day mortality rates compared to
the SORT score in patients with fractured neck of femur.
The former is a more specific tool for this purpose and the
latter is a more generic tool. Surgical procedure and patient
factors including gender, ASA grade and peri-operative
haemoglobin also significantly influenced mortality rates
but fracture type did not.
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