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Background and purpose — Following a hip fracture,
most patients will encounter poorer functional outcomes and
an increased risk of death. Treatment-monitoring of hip frac-
ture patients is in many countries done by national audits.
However, they do not allow for a deeper understanding of
treatment limitations. We performed a local evaluation study
to investigate adherence to 7 best-practice indicators, and to
investigate patient groups at risk of suboptimal treatment.

Patients and methods — 2,804 patients were surgically
treated for a hip fracture from 2011 to 2017 at our institution.
Data regarding admission, hospital stay, and discharge was
prospectively collected, and adherence to the 7 best practice
indicators (nerve block, surgical delay, antibiotics, implant
choice, thromboprophylaxis, mobilization, and blood trans-
fusions) was analyzed. Patient groups with lower adherence
were identified.

Results — 34% of patients received all 7 best practice
indicators after considering contraindications; in particular,
nerve blocks and thromboprophylaxis displayed low adher-
ence at 61% and 91% respectively. Nursing home residents
and patients with cognitive impairment, multiple comorbidi-
ties, or low functional levels were at risk of having a lower
adherence.

Interpretation — The most dependent patients with cog-
nitive impairment, comorbidities, or low functional levels
had lower guideline adherence. This large patient subgroup
needs a higher treatment focus and more resources. Our find-
ings are likely similar to those in other national and interna-
tional institutions.

Hip fractures are a leading cause of disability and mortality
among seniors worldwide, with 1-year mortality surpassing
20%. Survivors often experience diminished walking ability,
reduced activities of daily living, and loss of independence
(Bentler et al. 2009, Dyer et al. 2016). Recent years have seen
only minimal improvements in outcomes, such as mortality,
which suggest that hip fracture treatment needs improvement
(Rogmark 2020). However, patients with hip fracture repre-
sent a heterogeneous and fragile patient group with multiple
comorbidities, which complicates treatment.

Evidence-based treatment is fundamental to modern medi-
cine, and previous research has demonstrated improved out-
comes for patients receiving best practice indicators (Nielsen
et al. 2009, Kristensen et al. 2016, Oakley et al. 2017, Farrow
et al. 2018). However, most studies are based on process indi-
cators, which give no information on the actual treatment
provided; this includes national audits (Sweden’s National
Quality Register 2018, Danish Multidisciplinary Hip Fracture
Registry 2019, Royal College of Physicians 2019, Australian
& New Zealand Hip Fracture Registry 2019). To our knowl-
edge, only a few studies have evaluated direct local adherence
to guidelines for patients with hip fracture (Seys et al. 2018,
Mcglynn et al. 2003, Sunol et al. 2015). Continuous monitor-
ing through national audits and local studies might detect gaps
in the treatment of patients with hip fracture and hopefully
secure improvement.

We assessed the degree of adherence to 7 best practice indi-
cators in a local evidence-based guideline for treatment of hip
fractures. We expected adherence to increase during the study
period as the guideline was incorporated better over time. Fur-
thermore, the study aimed to clarify whether particular patient
groups are at risk of significantly lower guideline adherence
and hence suboptimal treatment at our institution.
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Patients admitted or transferred
with a hip fracture 2011-2017
n = 3,047

Excluded
= Not surgically treated
n=44

Surgically treated for a hip fracture
n = 3,003

Excluded (n = 199):

— missing information regarding the fracture, 11
- pathological or peri-prosthetic fracture, 17

- patients with a second hip fracture, 171

Patients included in the analysis
n = 2,804

Figure 1. Patient inclusion flowchart.
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Figure 2. Protocol for implant choice based on fracture type and patient age.
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b |ndividual assessment of each patient’s comorbidity, pre-fracture mobility, and radiograph to
determine best treatment option, favoring screws or DHS in fractures that can be anatomically
reduced, and patients without severe comorbidities and severely impaired pre-fracture mobility.

DHS = dynamic hip screw. IMN = intramedullary nail. THA = total hip arthroplasty.

Patients and methods
Design
The study is a retrospective analysis of prospectively collected

data from a cohort of patients with hip fracture conducted at a
department of orthopedic surgery.

Patients

All patients admitted to our hospital or transferred from
other hospitals with a hip fracture between January 2011 and
December 2017 were examined for inclusion (n = 3,047). Hip
fracture was defined as a femoral neck fracture, an inter-tro-
chanteric fracture, or a sub-trochanteric fracture. Only surgi-
cally treated patients were included. Patients with pathologi-
cal hip fractures or peri-prosthetic fractures were excluded (n
= 17). 11 patients with missing data at the start of the study
period were also excluded. For patients who suffered a second
hip fracture during the study period, only the first hip fracture
was included in the analysis (n = 171). 2,804 patients were
included in the study (Figure 1).

Data

All patients were treated according to a well-defined hip
fracture guideline at our hospital, which was introduced in
January 2011. Simultaneously with the implementation of the
guideline, all patients admitted with a hip fracture were pro-
spectively included in our Hip Fracture Database. The data-
base was established in January 2011 to study mortality and
morbidity among hip fracture patients at our institution.
During admission, patient characteristics and clinical mea-
sures were recorded by a nurse on specified forms for the Hip

Fracture Database. Data included weight, height, comorbid-
ity, residency, cognitive impairment, preoperative walking aid,
and pre-fracture functional level. At discharge, nurses reported
prospectively collected data to the database regarding blood
samples, blood transfusions, surgery (date, time, and choice
of treatment), pain management (regional block and oral anal-
gesics), and discharge placement.

Comorbidities were assessed by ASA classification. Pre-
fracture functional level was estimated using the New Mobil-
ity Score (NMS) and was dichotomized into a low pre-fracture
functional level (0-5 points) and a high functional level (6-9
points) (Kristensen et al. 2005).

Retrospectively, one researcher (CFF) classified all fractures
on the preoperative radiographs (anterior-posterior, lateral view,
and pelvic). The radiographs were classified according to the
Garden classification for femoral neck fractures and the Evans
classification for inter-trochanteric fractures. Posterior tilt was
measured on the lateral view for all Garden I-II fractures. No
sub-classification for sub-trochanteric fractures was used.

Prior to analysis, we outlined 7 best practice indicators
of particular importance in our local hip fracture guideline.
National and international recommendations, national audits,
and previous literature were reviewed for important indica-
tors (Dansk Ortopadisk selskab 2008, NICE 2017, Seys et al.
2018, Danish Multidisciplinary Hip Fracture Registry 2019).
Indicators were chosen to mirror the different procedural steps
and diverse care groups involved in the treatment.

The 7 best practice indicators were as follows:

1. Preoperative block. Defined as the use of either epidural or
peripheral nerve block prior to surgery.

2. Surgical delay. Defined as surgery within 24 or 36 hours
from admission.
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Table 1. Contraindications for each best practice indicator

Factor Number (%)

1. Preoperative block (n = 1,171)

Patient declined 155 (13)
No valid contraindications 2 1,016 (87)
2. Surgical delay
Within 24 hours (n = 738)
Medical complications ® 128 (17)
Anticoagulation treatment 97 (13)
Death 1(0.1)
Others 36 (4.9)
No valid contraindication 2 476 (65)
Within 36 hours (n = 376)
Medical complications P 99 (26)
Anticoagulation treatment 81 (22)
Death 1(0.3)
Others 27 (7.2)
No valid contraindication 2 168 (45)
3. Perioperative antibiotics (n = 126)
Irrelevant antibiotic treatment 33 (26)
No valid contraindication 2 93 (74)
4. Implant choice (n = 349)
Fracture characteristics 104 (30)
Patient morbidity 61 (18)
Pre-fracture mobility 9 (2.6)
Others 8 (2.3)
No valid contraindication 2 167 (48)
5a. Thromboprophylaxis for 7 days after surgery (n = 211)
Renal failure 3(1.4)
Former HIT © 0 (0.0)
Former bleeding 10 (4.7)
Bridging 88 (42)
Others 39 (20)
No valid contraindication 2 71 (34)

5b. Thromboprophylaxis given 6-8 h after surgery (n = 1,175)

Given too early 223 (19)
Given too late 691 (59)
Not given the first day postoperatively 136 (12)
Others 22 (1.9)
No valid contraindication 2 103 (8.8)
6. Postoperative mobilization (n = 464)
No standing abilities prior to surgery 32 (6.9)
Others d 91 (20)
No valid contraindication ¢ 341 (73)
7. Blood transfusions (n = 90)
Patient declined 6 (6.7)
Asymptomatic 18 (20)
Others 7 (7.8)
No valid contraindication 2 59 (66)

2 Including no reasons given in the patient record or invalid contrain-
dications given.

b For example, cardiac arrhythmias and strokes.

¢ Heparin-induced thrombocytopenia.

d For example, patient died within 24 h or was transferred to another
hospital within 24 h.

¢ Including patients only mobilized to a sitting position within 24 h.

ISV}

. Perioperative use of antibiotics.

. Implant choice. Defined from fracture type and age (Figure 2).

5. Thromboprophylaxis. Defined as injections of low-molecu-
lar-weight heparin (LMWH) for at least 7 days with the 1st
injection given 68 hours after surgery.

6. Postoperative mobilization to standing within 24 hours of

surgery.

~

7. Blood transfusions if postoperative hemoglobin was below

6 mmol/l.

Implant choice was based on recommendations from the
Danish Orthopedic Society, and primarily dictated by the frac-
ture type; however, especially for femoral neck fractures the
patient’s age was also a determining factor (Dansk Ortopadisk
selskab 2008). Dual mobility total hip arthroplasties (THAs)
were used as standard treatment for patients over 70 years
with a Garden III and IV fracture. Internal fixation was stan-
dard care for younger patients under 60 years due to superior
healing potential and to postpone possible revision of a THA
in the future. Garden III-IV fractures in patients between 60
and 70 years could be treated with screws, dynamic hip screws
(DHSs), or THAs, based on an assessment by the surgeon.
Screws or DHSs were used for fractures that could be ana-
tomically reduced and patients without severe comorbidities
or severely impaired mobility. For inter-trochanteric fractures,
the DHS has been our standard treatment choice; however,
for more unstable and complex fractures, intramedullary nails
(IMNs) or DHSs with lateral support plate were used, with
increasing use of IMNs during the study period. Hemiarthro-
plasty and external fixation was not performed for hip frac-
tures at our institution.

Data regarding perioperative antibiotics, thromboprophy-
laxis, and postoperative mobilization was obtained from
patient records; data on preoperative pain management, surgi-
cal delay, implant choice, and blood transfusions was obtained
from our Hip Fracture Database.

Patient records were screened for pre-defined contraindica-
tions for each indicator (Table 1).

To investigate whether patient characteristics affected
adherence, patients were grouped based on commonly known
risk factors for increased mortality and morbidity: age, sex,
ASA score, residence, cognitive impairment, fracture type,
pre-fracture functional level, and walking aids (Bentler et al.
2009, Smith et al. 2014).

Statistics

An all-or-none test was performed to clarify the percentages
of patients receiving all 7 best practice indicators. Further-
more, adherence was calculated as the proportion of patients
who achieved a given number of indicators. A chi-square test
was used to assess the hypothesis of no difference in adher-
ence between patient groups to identify groups with statisti-
cally significantly lower adherence.

In the statistical analysis, patients with a valid contrain-
dication or missing data were excluded from the adherence
analysis for that particular indicator. They remained in the
analysis for the other indicators. However, analysis for indica-
tors 3 (perioperative antibiotics) and 5 (thromboprophylaxis)
were executed differently. For perioperative antibiotics, the
only valid contraindication was if the patient was already in
a relevant antibiotic treatment regimen at the time of surgery.
These patients were labelled “correctly treated” and remained
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Table 2. Characteristics of the study population at the time of
hip fracture (n = 2,804). Values are observed numbers (%) unless
otherwise stated

Table 3. Observed adherence to the guideline for each of the 7 best
practice indicators and all-or-none adherence to all 7 best practice
indicators, listed as total number and observed numbers (%)

Variables Observed values
Mean age (SD) 80 (11)
Female sex 2,029 (72)
ASA score
ASA 1 233 (8.3)
ASA 2 1,311 (47)
ASA 3 1,090 (39)
ASA 4 102 (3.6)
ASA 5 1(0.1)
Missing 67 (2.4)
Pre-fracture residence
Independent living 2,064 (74)
Institutionalized 736 (26)
Missing 4 (0.1)
Cognitive function
Cognitively impaired 552 (20)
Not cognitively impaired 2,233 (80)
Missing 19 (0.7)
Fracture type
Garden type | and Il 431 (15)
Garden type Il and IV 977 (35)
Stable intertrochanteric 572 (20)
Unstable intertrochanteric 680 (24)
Subtrochanteric 57 (2.0)
Basocervical 81 (2.9)
Missing 6 (0.2)
Pre-fracture mobility 2
Low NMS 1,405 (50)
High NMS 1,274 (45)
Missing 125 (4.5)
Walking aids
None 1,047 (37)
Assisted walking 1,484 (53)
No walking ability 79 (2.8)
Missing 194 (6.9)

2 Pre-fracture mobility was assessed by New Mobility Score (NMS)
with 0-5 points labelled as low and 6-9 points as high.

in the adherence analysis corrected for contraindications. For
thromboprophylaxis, patients who were given their 1st injec-
tion of LMWH prior to 6 hours or later than 8 hours after sur-
gery were labeled “correctly treated” if they had also received
LMWH for 7 days. This was chosen as recent studies have
shown that the timing of thromboprophylaxis is not as crucial
as had been presumed earlier (Liu et al. 2016, Leer-Salvesen
et al. 2018). Only patients with data regarding all 7 best prac-
tice indicators were included in the all-or-none test.

Data analyses were performed using STATA 16 computer
software (StataCorp, College Station, TX, USA).

Ethics, funding, and potential conflicts of interest

The study was conducted in accordance with the Declara-
tion of Helsinki and registered by the Danish Data Protection
Agency (number 2007-58-0010), which stated no need for
written consent according to Danish law. The study has not
received any funding. None of the authors has any conflicts of
interest to declare.

Adherence Corrected for
Factor to guideline contraindications
1. Preoperative block 2,793 2,638
1,607 (57) 1,607 (61)
2. Surgical delay
within 24 hours 2,786 2,524
2,048 (74) 2,048 (81)
within 36 hours 2,787 2,579
2,411 (87) 2,411 (93)
3. Perioperative antibiotics 2,759 2,759
2,633 (95) 2,666 (97)
4. Implant choice 2,804 2,613
2,446 (87) 2,446 (94)
5. Thromboprophylaxis 2,787 2,640
1,538 (55) 2,394 (91)
6. Postoperative mobilization 2,675 2,552
2,211 (83) 2,211 (87)
7. Blood transfusions 718 687
628 (87) 628 (91)
All-or-none 2,629 2,028
442 (17) 684 (34)

Table 4. Percentage of patients fulfilling 3, 4, 5, 6, or 7 best practice
indicators (n = 1,946)

Number of indicators fulfilled Observed numbers (%)

3 7 (0.4)
4 53 (2.6)
5 319 (17)
6 883 (45)
7 684 (35)

Results

2,804 patients were treated for a hip fracture. The mean age
was 80 years, and females predominated. The majority lived
independently. Almost one-fifth of the patients had cognitive
impairment, and half of the population had a low pre-fracture
functional level (Table 2).

Total study period

17% of patients received all 7 best practice indicators. The
lowest adherence was found for preoperative block and
thromboprophylaxis. The indicators with the highest degree
of adherence were perioperative antibiotics and implant
choice (Table 3). Overall adherence increased to 34% after
considering contraindications, primarily due to increased
adherence to thromboprophylaxis (Table 3). Furthermore,
65% of patients in fact fulfilled 6 or more indicators (Table
4).
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Figure 3. Adherence to the individual best practice indicators and over-
all adherence in percentages divided into the different years of the
study period after taking contraindications into consideration.

Annual adherence

Adherence to individual best practice indicators and overall
adherence for each year in the study period are displayed in
Figure 3 (the data is shown after considering contraindications).
Preoperative block showed a decline in adherence during the
7-year period, and blood transfusions dropped in 2016 and
2017. Both declines had an impact on overall adherence, which
decreased in 2016 and 2017 to 24% and 26%, respectively. Data
is also shown in Table 5 (see Supplementary data).

Adherence in subgroups

No difference in overall adherence was found when compar-
ing adherence in patient groups in relation to age groups, sex,
or fracture type. However, nursing home residents, cognitively
impaired patients, patients with a low pre-fracture functional
level, and patients with high comorbidity (ASA > 4) were at
risk of receiving insufficient treatment (Table 6, see Supple-
mentary data).

Discussion

Our most important finding was that only one-third of hip
fracture patients at our institution fulfilled all 7 best prac-
tice indicators; however, the majority of patients received 6
or more indicators. The study also suggests lower adherence
among patients with multiple comorbidities, cognitive impair-
ment, low pre-fracture functional level, and nursing home
residency. Surprisingly, adherence did not increase during the
study period because of declining adherence to the indicators
“preoperative pain management” and “blood transfusion” in
2016 and 2017. The decrease in adherence to preoperative
pain management might be explained by a major organiza-
tional change in 2016, whereby admissions past 10 pm were
performed by medical doctors rather than orthopedic sur-
geons or ER doctors. Medical doctors have less experience

in administering regional blocks at our institution, which may
cause fewer blocks to be administered. For blood transfusions,
decreasing adherence over the study period might be due to
the 2015 introduction of a new guideline setting lower hemo-
globin limits (< 5.6 mmol/L) for transfusion (Danish Health-
care System 2015). Although the transfusion guideline was
not specific for patients with hip fracture, it likely influenced
the use of blood transfusions for this patient group as well.

Other local evaluation studies have similarly found subop-
timal care for patients with hip fracture, some with an over-
all adherence of 0% (Mcglynn et al. 2003, Sunol et al. 2015,
Farrow et al. 2018, Seys et al. 2018). Contrary to local evalu-
ations, most national audits show a high level of adherence
(Sweden’s National Quality Register 2018, Danish Multi-
disciplinary Hip Fracture Registry 2019, Australian & New
Zealand Hip Fracture Registry 2019). Local evaluation stud-
ies should be seen as a supplement to national audits as they
can provide a deeper understanding of treatment gaps. Sur-
gical delay may serve as a good illustrator. National audits
can only give the results, whereas local studies can point to
capacity issues or patient comorbidities as the reason for low
adherence. This will identify what steps are needed to increase
adherence. The same is true for implant choice as national
audits can only give the proportion of patients receiving the
different implants; they cannot determine whether the choice
of implant was the right one.

In previous years, our institution has demonstrated high
adherence to the national Danish audit, and similar adher-
ence was found in the present study for matching indicators
(Danish Multidisciplinary Hip Fracture Registry 2019). How-
ever, when investigating overall adherence, only one-third of
patients obtained full treatment. This indicates that care for
patients with hip fracture may also be suboptimal at other hos-
pitals despite high adherence to the national audit, underlin-
ing the need for local evaluation. Nevertheless, national audits
play an important role in monitoring treatment as adherence to
national indicators has shown reduced mortality and readmis-
sion (Nielsen et al. 2009, Kristensen et al. 2016). Supplement-
ing national audits with local studies in the future may inform
future initiatives to improve hip fracture treatment.

For the individual best practice indicators, the most sur-
prising results were low adherence for preoperative pain
management and thromboprophylaxis. Preoperative pain
management will be a future focus area because optimal
pain management, especially the use of preoperative blocks,
may improve recovery by reducing the use of opioids and by
reducing nausea and dizziness, while helping in improving
mobilization and nutrition (Guay et al. 2017). Thrombopro-
phylaxis had low adherence before considering contraindica-
tions. Low adherence was especially due to bridging, where
patients did not receive LMH for 7 days, and patients receiv-
ing the 1st injection before 6 hours or later than 8 hours after
surgery. However, after the start of the study, anticoagulation
therapy has changed. Previous studies have shown that the
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timing of the thromboprophylaxis is of less importance (Liu
et al. 2016, Leer-Salvesen et al. 2018), and with the emer-
gence of new anticoagulation strategies, bridging has become
more frequent. Consequently, a revision of the guideline is
required. The change in anticoagulation therapy also had an
impact on the best practice indicator “surgical delay.” Espe-
cially in the early stages of the study, vitamin K antagonists
(VKA) and novel oral anticoagulants (NOAC) posed a chal-
lenge. Surgery was delayed when patients did not respond
to vitamin K within 24 hours or due to the initial recom-
mendation of a 24-hour pause from NOAC. However, more
recent studies have demonstrated that operating regardless
of anticoagulation therapy is, indeed, safe (Schuetze et al.
2019). Despite these delays, our study shows an impressive
level of adherence compared with international standards,
where most guidelines have a 36-or 48-hour deadline and
most national audits show lower fulfilment than in this study
(Sweden’s National Quality Register 2018, Australian & New
Zealand Hip Fracture Registry 2019, Royal College of Physi-
cians 2019). The increased adherence is probably due to an
organizational change with more experienced surgeons and
operating rooms functioning outside standard working hours.

Implant choice adherence was in line with that reported in
other studies (Palm et al. 2012). Most patients had valid con-
traindications when the guideline was not followed. Contra-
indications for implant choice were fracture characteristics,
primarily a posterior tilt above 20 degrees on the lateral radio-
graph for Garden I and II fractures (Table 1). Here we opted
for a THA instead of screws for patients to reduce the risk of
reoperation (Palm et al. 2009). Patient morbidity and mobility
describe situations such as young patients with severe osteo-
porosis or mental handicaps, or patients with no standing or
walking ability. In such cases, guideline adherence would be
deselected to reduce the risk of reoperation or having to per-
form extensive surgery. Other contraindications were patients
declining the recommended implant.

Our study has several strengths. A major strength is a high
level of external validity owing to inclusion of all consecutive
patients with a hip fracture admitted to the department, includ-
ing patients with severe cognitive impairment and multiple
comorbidities, reducing selection bias. Another strength is the
use of prospectively collected or documented data, reducing
the risk of recall bias.

As with most studies, the design of our study is subject to
limitations. First, we have missing data in relation to some
variables. If information concerning antibiotics, thrombo-
prophylaxis, postoperative mobilization, and the predefined
contraindications were not documented during admission and
therefore not available in patient records, these variables were
interpreted as missing. This interpretation would have led to
an underestimation of the adherence to the guideline. Despite
this approach, we had a high degree of data completeness.
Second, our study was limited by being a single-center study.
While this ensured that patients were treated similarly, it also

meant together with the descriptive nature of the study that we
can only be sure the results are valid for our institution. How-
ever, these results could be true for other institutions, as previ-
ous studies have found similar results and the national audit
had comparable adherence for matching indicators (Mcglynn
et al. 2003, Sunol et al. 2015, Farrow et al. 2018, Seys et al.
2018, Danish Multidisciplinary Hip Fracture Registry 2019).
Third, a lack of consensus on which best practice indicators
to use as predictors for adherence in hip fracture treatment
hampers comparison with other results. Previous studies have
used a wide variety of indicators from procedures (orthope-
dic or geriatric assessment of patients), timing (of surgery,
postoperative mobilization, admission to orthopedic wards,
or assessment by senior doctors) and medical indicators
(antibiotics, thromboprophylaxis, and pain management). A
Delphi study was conducted by Seys et al. (2018), to iden-
tify indicators of importance in the patients with hip fracture.
4 of the 7 best practice indicators in our study were found
to be important for treatment of patients with hip fracture in
the Delphi study (surgical delay, antibiotics, thromboprophy-
laxis, and postoperative mobilization) and 1 was found to be
of less importance (preoperative pain management). Further
research should be conducted to establish general consensus
on which best practice indicators to use, which will ease com-
parison between studies. Risk assessment for pressure ulcers
and malnutrition may be important indicators in improving
treatment; furthermore, indicators regarding the period after
discharge, such as osteoporosis treatment, fall prophylaxis,
and rehabilitation, should be considered in future studies.

Conclusion

In summary, we found that despite high adherence to individ-
ual best practice indicators, overall adherence is surprisingly
low at our institution, especially among fragile and cognitively
impaired patients. A local evaluation study, such as ours, can
be used in the clinic to identify patient groups or treatment
steps that need improvement and to deepen our understanding
of treatment gaps.

Supplementary data

Tables 5 and 6 are available as supplementary data in the
online version of this article, http://dx.doi.org/10.1080/1745
3674.2021.1925430
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