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Background: Little is known about accuracy of common risk prediction scores in

elderly patients suffering from hip fractures. The objective of this study was to

investigate accuracy of the Physiological and Operative Severity Score for the

enUmeration of Mortality and morbidity (POSSUM) score, Portsmouth-POSSUM

(P-POSSUM) score and the Nottingham Hip Fracture Score (NHFS) for prediction of

mortality and morbidity in this patient group.

Methods: This was a prospective single centre observational study on 997 patients

suffering out-of-hospital cervical, trochanteric or subtrochanteric fracture of the

neck of the femur. Calibration and discrimination was assessed by calculating the

ratio of observed to expected events (O:E) and areas under receiver operating char-

acteristics curves (ROC).

Results: The 30-day mortality was 6.2% and complications, as defined by POSSUM,

occurred in 41% of the patients. Overall O:E ratios for POSSUM, P-POSSUM and NHFS

scores for 30-day mortality were 0.90, 0.98, and 0.79 respectively. The models underes-

timated mortality in the lower risk bands and overestimated mortality in the higher risk

bands. In contrast, POSSUM predicted morbidity well with O:E ratios close to unity in

most risk bands. The areas under the ROC curves for the scoring systems was 0.60-0.67.

Conclusion: The POSSUM score and NHFS show moderate calibration and poor dis-

crimination in this cohort. The results suggest that mortality and morbidity in hip frac-

ture patients are largely dependent on factors that are not included in these scores.

1 | INTRODUCTION

The age standardized incidence of hip fractures in Swedish women

is estimated to be around 539/100 000.1 Similar figures have been

reported for other countries in Europe and as the population is

growing older the total number of hip fractures is expected to rise.2

Patients suffering hip fractures often have multiple comorbidities

and mortality and morbidity is high even though a hip fracture most

commonly is a result of a low-energy trauma.3 Treatment bundles

focusing on simple measures to optimize vital organ function, pain

relief and early surgical management have been introduced in several

countries.4 Even so current 30-day mortality for out-of-hospital hip

fractures is 6%-10%.3,5,6

It is possible that outcome could be improved by identification

of high-risk patients that may benefit from further work-up, addi-

tional therapeutic interventions or more advanced perioperative

monitoring.7 Furthermore, risk assessment tools may be used to

compare performance within hospitals over time and between
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hospitals while taking into account differences or changes in case-

mix. The Physiological and Operative Severity Score for the enUmer-

ation of mortality and morbidity (POSSUM) score is a commonly

used scoring system for perioperative risks which takes into account

both the preoperative physiological status and the characteristics of

the surgical procedure.8 The POSSUM score has been investigated

in hip fracture patients in a number of studies with variable results

with regard to calibration and discrimination.9-14 Performance in a

Scandinavian setting is unknown. The modified POSSUM equa-

tion called Portsmouth-POSSUM (P-POSSUM) was derived after

reports of poor calibration of the original POSSUM score in mixed

surgical cohorts. The P-POSSUM is based on the same scoring as

the original POSSUM and has only been evaluated in smaller studies

on hip fracture patients.15-18

The Nottingham Hip Fracture Score (NHFS) is specifically

designed for risk prediction in elderly hip fracture patients.19,20 It is

somewhat simpler than the POSSUM and P-POSSUM scores and

does not require insertion of operative data, and is thus more sui-

ted to preoperative risk evaluation. External validation has to our

knowledge only been performed in United Kingdom and in the

Netherlands.12,21-23 A recent comparison between the POSSUM

and the NHFS suggested that discrimination by the NHFS was

superior to that of the POSSUM score.12 Given that performance

of risk scores may be influenced by differences in perioperative

care between different countries and changes in care over time, it

is of importance that the risk scores are evaluated and compared

in new settings.

The main objective of the present study was to test the

hypothesis that the POSSUM, P-POSSUM and NHFSs are well cali-

brated and have a high discrimination in a Swedish cohort of hip

fracture patients. For this purpose, we used prospectively collected

data from a single centre cohort of patients with out-of-hospital

hip fractures.

2 | MATERIALS AND METHODS

2.1 | Study design

This study was based on prospectively collected data from a cohort

of hip fracture patients admitted to Sk�ane University Hospital, Lund,

Sweden between 31 January 2011 and 30 August 2014. The main

purpose of the cohort was to investigate biomarkers that could pre-

dict outcome in hip fracture patients. The manuscript was prepared

according to the STROBE guidelines for reporting of observational

studies.24

2.2 | Ethics and trial registration

The study was approved by the regional ethical review board in

Lund (application numbers 2010/218 and 2011/506). The study was

conducted according to the Declaration of Helsinki and was moni-

tored by external monitors from the Clinical Research Unit, Sk�ane

University hospital, Lund. Consent was sought from patients or next

of kin within 72 hours of admission. The study was registered at

Clinicaltrials.gov (NCT01280253).

2.3 | Inclusion and exclusion criteria

Ambulance and emergency department staff performed patient

screening. Inclusion criteria were out-of-hospital cervical, trochan-

teric or subtrochanteric fracture of the neck of the femur and

blood sampling within 3 hours from first contact with health care

providers. Patients were excluded if informed consent was not

obtained, if non-operative management was chosen, if the fracture

was pathological, part of multitrauma or if follow-up was not pos-

sible within the Swedish National Quality Register for Hip Frac-

ture patients. The rationale for excluding patients with

pathological fractures was that these patients were considered to

represent a separate group of patients with particularly poor

prognosis.25

2.4 | Risk scores

The POSSUM score is composed of a physiological and an operative

severity score.8 The former has 12 variables with 4 increasing values

(1, 2, 4 and 8) giving a range of scores from 12 to 96. The operative

score has 6 variables with the same grading and a range from 6 to

48 (Table S1). The physiological score was calculated electronically

using vital parameters and laboratory values on admission, prescribed

medications and comorbidities. The operative severity variable was

considered as “major” as described previously.10,18 Volume of periop-

erative blood loss was retrieved from anaesthesia charts. Contamina-

tion was not applicable and the variable was assigned a score of 1.

Timing of operation was assigned a score of 4 for all patients (“emer-

gency operation within 48 hours”). Outcomes were 30-day mortality

and 30-day morbidity as defined in Appendix S1. Time of death was

compared to admission time when defining 30-day mortality. P-POS-

SUM and POSSUM risk bands and calculation of predicted number

of events for each risk band was done as described previously26 and

further explained in Table S3.

The NHFS is the sum of 7 variables, which are used to calculate 30-

day mortality risk. The variables are age, sex, admission haemoglobin

count, cognitive impairment, malignancy, independent living and num-

ber of comorbidities (Table S2). In the derivation of the score a Mini

Editorial comment

Elderly patients with hip fractures have a high mortality

risk. This study assessed the accuracy of the Possum and

Nottingham risk scores for predicting 30-day mortality in a

regional cohort from Sweden. Observed variations among

the risk bands led the authors to suggest that there proba-

bly are other important factors which are not included in

these risk models.
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Mental Test Score of ≤6 out of 10 was defined as cognitive impairment.

Because the Short Portable Mental Status Questionnaire (SPMSQ) was

established at our institution we choose to adjust the score and use a

SPMSQ of ≤6 out of 10 as the definition of cognitive impairment.27 For

all other variables, definitions and cut-offs as described in the derivation

of the score were used.19 Estimation of 30-day mortality risk was per-

formed using the modified equation from 2012.20

To assess if the cohort was a representative sample, demographic

data and 30-day mortality data for patients fulfilling inclusion criteria

on a national level during the study period were extracted from the

Swedish National Quality Register for Patients with Hip Fractures.

2.5 | Statistics

No formal power analysis was performed and the number of patients

included in the cohort determined the sample size. Performance of

the risk scores was estimated by assessment of discrimination and

calibration. Discrimination was estimated by calculating the area

under the Receiving Operating Characteristics (ROC) curves for the

respective scores. Areas under the ROC curve of <0.7, 0.7-0.9 and

>0.9 are considered to reflect poor, moderate and high performance

respectively.28

Calibration was evaluated by comparing observed and expected

outcomes over different risk bands and for the whole cohort.

Descriptive data are expressed as median and interquartile range

unless stated otherwise. The accuracy of the data in the database

was checked against source data by the external monitors in a sam-

ple of 31 randomly selected patients and the fraction of wrong

entries was found to be <0.1%. Statistical analysis was performed

using StataTM (StataCorp. 2013. Stata Statistical Software: Release

13; StataCorp LP, College Station, TX, USA), The R Project (R Core

Team. 2013. R: A language and environment for statistical comput-

ing. R Foundation for Statistical Computing, Vienna, Austria) and

SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for Windows,

Version 24; IBM Corp, Armonk, NY.)

3 | RESULTS

3.1 | Demographics

During the study period, 1845 patients were admitted to Lund

University hospital with a hip fracture of which 1556 fulfilled inclu-

sion criteria and none of the exclusion criteria. A total of 997 of

these patients (64%) were included in the study. Majority of the

non-included patients were screening failures in which study blood

samples for the biomarker study were not collected within 3 hours.

A flow chart of patients is presented in Figure 1. Demographics for

included patients and eligible patients that were not included on a

F IGURE 1 Flow chart of included
patients admitted during the study period
and reasons for patients not being
included
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national level during the study period are presented in Table 1. A

detailed description of comorbidities, laboratory values and vital

parameters of included patients is presented in Table 2.

3.2 | P-POSSUM mortality risk prediction

The P-POSSUM results are shown in Table 3. More than 80% of the

patients had a predicted mortality risk of less than, or equal to 10%

and in this risk band there were 36% more deaths observed than

predicted (Table 3). All other risk bands underestimated mortality

resulting in an overall prediction of 63 deaths and an O:E ratio of

0.98 (95% CI 0.76-1.21). The area under the ROC curve for predic-

tion of 30-day mortality using the combined POSSUM physiological

and operative severity score was 0.66 (95% CI 0.59-0.72) (Figure 2).

Area under the ROC curve was also calculated for the physiological

score separately and was 0.66 (95% CI 0.59-0.73).

3.3 | NHFS mortality risk prediction

The NHFS results are shown in Table 4 and Figure 2. The observed

mortality was 20% lower than predicted by the model. Almost 90%

of the patients had a NHFS of 3-7 out of 10 and the ratio of

observed to expected deaths was 0.8 for this group and 0.79 (95%

CI 0.58-1.00) for the whole cohort. The area under the ROC curve

for prediction of 30-day mortality was 0.67 (95% CI 0.59-0.74)

(Figure 2).

3.4 | POSSUM mortality risk prediction

A total of 62 patients died within 30 days of admission, which corre-

sponds to a mortality of 6.2%. The POSSUM mortality score pre-

dicted 69 deaths for the whole cohort resulting in an overall ratio of

observed to expected (O:E ratio) deaths of 0.90 (Table S3). Almost

80% of the patients were classified as having less than a 20% risk of

30-day mortality (Table S3). In patients with a predicted risk of

death of ≥20%, the POSSUM score predicted almost twice as many

deaths as observed. Area under the ROC curve is identical to that of

P-POSSUM as both equations use same scoring for risk prediction.

3.5 | POSSUM morbidity risk prediction

A total of 407 patients suffered at least one of the complications

defined in the derivation of the POSSUM score, which corresponds

to a 30-day morbidity of 41%. A detailed description of the observed

TABLE 1 Demographics of the study cohort compared to patients
on a national level during the study period

Included
patients

Patients fulfilling
eligibility criteria
on a national levela

Number of patients 997 48 785

Age (y) 84 (77-90) 84 (76-89)

Female (%) 71 68

ASA PS 1 (%) 5 6

ASA PS 2 (%) 29 37

ASA PS 3 (%) 62 48

ASA PS 4 (%) 4 7

Cervical fracture (%) 53 54

Trochanteric fr. (%) 41 38

Subtrochanteric fr. (%) 6 8

Time from admission

to operation (h)

17 (10-23) 19 (12-25)

30-d mortality, % 6.2 7.6

ASA PS, American Society of Anesthesiologists physical status classifica-

tion.
aData for patients fulfilling eligibility criteria during the study period were

collected from the national quality register for hip fracture patients in

Sweden (“Riksh€oft”).

TABLE 2 Demographics of the study cohort

Patients (n) 997

Systolic blood pressure (mm Hg) 150 (130-170)

Heart rate (beats per minute) 80 (70-89)

Haemoglobin concentration (g/L) 127 (117-137)

Plasma creatinine (mmol/L) 79 (64-99)

Plasma urea (mmol/L) 7.1 (5.6-8.9)

Plasma sodium (mmol/L) 140 (138-142)

Plasma potassium (mmol/L) 3.9 (3.6-4.2)

Ischaemic heart disease, n (%) 202 (20)

Cerebrovascular disease, n (%) 208 (21)

Congestive heart failure, n (%) 133 (13)

COPD, n (%) 77 (8)

General anaesthesia, n (%) 353 (35)

Fluids administered in first 24 h (L) 3.1 (2.1-4.0)

Time from admission to operation (hrs) 18 (11-23)

More than 48 h to operation, n (%) 17 (1.7)

COPD, chronic obstructive pulmonary disease.

Continuous data are presented as median and interquartile range.

TABLE 3 Portsmouth POSSUM (P-POSSUM) mortality prediction

Risk
band %

Average
risk (%)

Number
of patients

Expected
deaths

Observed
deaths

Observed:
Expected
death ratio

≤10 3.8 831 32 43 1.36

10-20 13.4 112 15 10 0.67

20-30 23.8 33 8 5 0.64

30-40 34.2 11 4 1 0.27

40-50 45.3 7 3 2 0.63

50-60 56.8 3 2 1 0.59

60-100 n/a 0 n/a n/a n/a

0 to 100 6.31 997 63 62 0.98

Risk bands are calculated using the linear method. The predicted risk of

death is the average risk in each risk band. Risk bands include the upper

limit but do not overlap. Overall O:E ratio 0.98 (95% CI 0.76-1.21).
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complications is presented in Table S5 and Appendix S1. The

POSSUM morbidity score predicted a total of 411 complications

resulting in an overall O:E ratio for complications of 0.99 (Table S4). In

the lower (<20%) and higher risk bands (>80%) patients were few and

O:E ratios indicated a poor fit (Table S4). In risk bands between 20%

and 80%, POSSUM morbidity score showed O:E ratios of 0.7-1.2. The

area under the ROC curve for prediction of at least 1 complication

using the POSSUM morbidity score was 0.60 (95% CI 0.57-0.64).

4 | DISCUSSION

The results show that the P-POSSUM, POSSUM and NHFS scores

are poorly calibrated in our cohort and underestimate mortality in

the lower risk bands and overestimate mortality in the higher risk

bands. In contrast, POSSUM predicted morbidity well with O:E ratios

close to unity in most risk bands. Discrimination for the scores was

found to be poor with areas under the ROC curves of 0.67 or less.

The original POSSUM equation was suggested to overestimate

the mortality in the lower risk bands and an adjustment of the mor-

tality equation called the P-POSSUM was later introduced.15 How-

ever, the 2 equations were calibrated using 2 different methods and

the method used in the calibration of POSSUM results in risk bands

that are dependent on the characteristics of the cohort, whereas the

P-POSSUM may be used to calculate risk within pre-specified risk

bands (for description of the risk bands of the POSSUM mortality

and morbidity see Table S3). The POSSUM score is thus limited to

being an audit tool and not useful to predict outcome of individual

patients. In contrast, P-POSSUM is conceptually easier to understand

and allows both for prediction of outcome for individual patients

and as an audit tool but has not been investigated in hip fracture

patients previously. As mentioned previously, POSSUM and

P-POSSUM scoring requires intraoperative data and it could be

argued that this makes them less suited as screening tools. However,

the operative score varies very little between the different patients

and the identical areas under the ROC curves for the complete

POSSUM score and the Physiological POSSUM scores, respectively,

suggest that discrimination is not dependent on this parameter.

Previous studies investigating the calibration and discrimination

of the POSSUM score in hip fracture patients have yielded conflict-

ing results. Three studies with the objective to validate POSSUM in

hip fracture patients have suggested that POSSUM overestimates

mortality in all risk bands.9,11,12 Other studies study reported overall

O:E ratios for both mortality and morbidity that were close to

unity.10,14 Our analysis of outcome in the different risk bands

revealed that calibration was poor independent of method to predict

mortality. Moreover, ROC analysis in the present study suggests

poor discrimination and is very similar to the area under ROC curve

reported for hip fracture patients in previous studies (0.62-

0.68)9,12,13 with the exception of a single study reporting an area

F IGURE 2 Receiver operating characteristics (ROC) curves of the
Physiological and Operative Severity Score for the enUmeration of
Mortality and morbidity (POSSUM) score and Nottingham Hip
Fracture Score (NHFS) for prediction of 30-d mortality. Area under
the ROC curve (AUC) for POSSUM 0.66 (95% CI: 0.59-0.72); AUC
for NHFS 0.67 (95% CI: 0.59-0.74) [Colour figure can be viewed at
wileyonlinelibrary.com]

TABLE 4 Nottingham Hip Fracture Score (NHFS) mortality prediction in the cohort

NHFS
(points)

Number of
patients

Percentage
of cohort, %

Predicted
30-d mortality
risk (%)

Expected
deaths

Observed
deaths

Observed:Expected
death ratio

0 29 2.9 0.7 0 0 n/a

1 27 2.7 1.1 0 1 3.37

2 8 0.8 1.7 0 1 7.35

3 156 15.6 2.7 4 5 1.19

4 184 18.5 4.4 8 5 0.62

5 264 26.5 6.9 18 14 0.77

6 182 18.3 11 20 16 0.80

7 110 11.0 16 18 15 0.85

8 27 2.7 24 6 4 0.62

9 9 0.9 34 3 1 0.33

10 1 0.1 45 0 0 n/a

0-10 997 100 7.95 79 62 0.79
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under the ROC curve of 0.83.14 As suggested above, a potential

explanation for the differing results in the studies targeting hip frac-

ture patients is the method used to calculate risk bands. In addition,

it is possible that differences in timing for collection of physiological

variables and laboratory values in relation to the operation may have

influenced results. Our results for hip fracture patients contrast to

the good discrimination by the POSSUM score in other patient

groups and suggest that parameters other than those included in the

score are of importance in these elderly and fragile patients.29,30

Comparing complications between studies is precarious because

of differences in follow-up, definitions as well as in the reliability

of the registration of complications between hospitals and coun-

tries at different times. A certain amount of underestimation is

likely in all cases. Furthermore, it can be argued that summarizing

complications is questionable when for example the same weight

is given to a large pulmonary embolus as to a urinary tract infec-

tion. Standardized outcome parameters and follow-up times are

welcomed.31 These considerations make it understandable that

many previous authors have focused on the mortality prediction of

the POSSUM risk score and chosen to omit the morbidity predic-

tion. Our result that, the POSSUM morbidity prediction gave the

most accurate O:E ratios over majority of risk bands in hip fracture

patients agrees with a smaller study and indicate that POSSUM

morbidity prediction could be useful.16 It should, however, be

noted that the area under the ROC curve was only 0.60 indicating

poor discrimination.

The NHFS was developed in response to reports of poor perfor-

mance of POSSUM in hip fracture patient.9,19 Our result of an area

under the ROC curve of 0.67 is within the range of 0.64-0.77

reported in previous studies12,19,21,23,32 and suggests an equally poor

discrimination for POSSUM and the NHFS in our cohort. Interest-

ingly, while some studies have demonstrated superior discrimination

by scores specifically designed for hip fracture patients12 compared

to that of general surgical risk scores several other studies have not

been able to demonstrate such a difference.19,32 Our results align

with the latter studies and illustrate the importance of external vali-

dation of risk prediction scores. It should be noted that by using

fewer and only preoperative variables, the NHFS is easier to use

than the POSSUM score and more suited for preoperative risk

assessment and may be the better alternative, as performance does

not appear to differ.

4.1 | Limitations

Given that only 64% of eligible patients during the study period

were included the external validity of our data could be questioned.

However, our result show very similar demographics for eligible

patients at our institution, and for potentially eligible patients nation-

ally suggesting that our cohort is a representative sample and sup-

ports the external validity of our results.

While our cohort is one of the largest in which, the POSSUM

score has been validated in orthopaedic surgery, both patients with

high POSSUM and NHFS scores for mortality were relatively rare.

This means that the validation of the scores were sensitive to single

events.

5 | CONCLUSION

We conclude that the POSSUM, P-POSSUM scores and the NHFS

have equally poor discrimination with regard to 30-day mortality in

this cohort of elderly patients suffering hip fractures. The results

suggest that mortality in this group of patients to a large extent is

dependent on factors that are not included in these risk scores and

highlight the need for novel approaches to identify high-risk

patients.
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