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Abstract
Summary Patients suffering from complications during inpatient treatment after hip fracture surgery are associated with a worse
mid-term outcome. While surgically treatable complications only delay the healing process, internal complications seem to
worsen the outcome in the long run. All complications come with significant increased costs during the hospital stay.
Purpose Due to the demographic changes, the importance of hip fractures is still increasing nowadays. Not only surgical but also
medical complications represent a major challenge in the treatment of those patients. Nevertheless, only few is known about the
functional, medical, and economic consequences of complications.
Methods A total of 402 hip fracture patients ≥ 60 years were observed prospectively at a German university hospital.
Complications were assessed during the inpatient stay and classified by Clavien and Dindo. Afterwards their influence on acute
care costs was examined as well as their influence on the mortality, health-related quality of life (HRQL) (EQ5D), functional
capacities (Barthel index), and mobility (Tinetti score) in the follow-up periods of 6 and 12 months.
Results Complications that required surgical revision/treatment (type III) were associated with an increased 6 months’mortality,
while type II and IV complications did not influence mortality after 6 and 12 months. Six months after surgery, HRQL, Barthel
score, and Tinetti score were reduced in patients suffering from all different types of complications. After 12 months however,
HRQL, Barthel score, and Tinetti score following type II and IV complications remained reduced, while the scores improved in
patients suffering from type III complication. All types of complications led to significantly increased acute care costs.
Conclusions The results of the present study emphasize the crucial role of perioperative complications in older patients with hip
fractures. Therefore, special attention has to be given to the prevention of those complications, e.g., with orthogeriatric treatment
models, which have been shown to be effective in the reduction of complications.
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Introduction

Due to the demographic changes, the treatment of geriatric
patients is gaining more attention nowadays. Hip fractures

represent typical fragility fractures and their incidence is still
rising [1–3]. A worldwide increase in hip fractures from 1.7
million in 1990 to 6.3 million by 2050 has been estimated by
Cooper et al. [4]. The co-existence of relevant co-morbidities,
polypharmacy, cognitive impairment, and impaired mobility
results in high rates of complications in this vulnerable popu-
lation [5, 6].

Complication rates around 20–75% have been described in
the literature with most of the complications being not directly
associated with the surgical procedure [5, 7–12]. Surgical
complications account for only 6.9%, mechanical failure and
infection being the most common ones [7]. However, medical
but not surgical complications have been shown to be associ-
ated with increased mortality [7, 13].

Previous studies focus on risk factors regarding peri-/post-
operative complications in hip fracture patients. Several
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authors state number of comorbidities/American Society of
Anesthesiologists (ASA)-Score [8, 11, 14], age [8, 11, 14],
general anesthesia [12], delayed surgical treatment [9, 11,
12, 15], enteral steroids [8], frailty [14, 16], and male gender
[8] as risk factors for complications in those patients. Some
authors already pointed out the economic consequences [17,
18]. However, studies dealing with consequences of perioper-
ative complications in patients with hip fractures are rare.
Therefore, the aim of this study was to assess the influence
of complications on mortality, health-related quality of life
(HRQL) (EQ-5D), functional capabilities (Barthel Score),
mobility (Tinetti score), and their economical acute care costs.

Patients and methods

Patients and treatment parameters

The present study is a sub-analysis of a prospective observa-
tional study including a total of 402 patients with hip fractures
treated between April 2009 and October 2011. Patients ≥
60 years with operative treatment due to hip fractures were
included. Exclusion criteria were malignancy-related fractures
and polytrauma patients (ISS ≥ 16 [19]). Five hundred thirty-
nine patients with fracture were treated at our hospital during
the observation period. Four hundred seventy-seven patients
met the inclusion criteria. Of those 477 patients, 75 patients
declined participation. We obtained approval by the local
Ethics committee (AZ 175/08). Each patient or their legal
guardians provided written informed consent for participation
in the study. Mortality, clinical course, treatment costs, and
short-term follow-up are already published in some publica-
tions of our study group [13, 20–22].

The following baseline data were documented from all pa-
tients: age, fracture classification (nondisplaced femoral neck
fractures, displaced femoral neck fractures, stable
pertrochanteric fractures, unstable pertrochanteric fractures,
and subtrochanteric fractures), American Society of
Anaesthesiologists (ASA) classification [23], Charlson
Comorbidi ty Index [24] , and Mini-Mental State
Examination [25].

The following data were collected during time of hos-
pitalization: time to surgery (≤ 24 h vs. > 24 h), surgical
procedure (screw fixation, intramedullary nail, dynamic
hip screw, hemiarthroplasty, and total hip arthroplasty),
ICU readmission after surgery, transfusion of erythrocyte
concentrates, and duration of stay at the acute-care hos-
pital. Follow-up was obtained after 6 months and 1 year.
EQ5D-5L [26], Barthel score [27], and Tinetti score [28]
were collected during the different follow-up examina-
tions. The Barthel Score (range 0–100 points) records
essential everyday functions of the patients. Patients are
divided into independent, partially independent, needy

and largely dependent on care. The Tinetti score (range
0–28 points) is divided into 2 parts, a balance test and a
walking test. The Tinetti score can be used to quantify
the fall risk of the patient. Both tests are established
screening tools in the treatment of geriatric patients.
Complications were assessed during the inpatient stay
and classified by Clavien and Dindo. The current classi-
fication is an update of the previous classification by
Clavien in 1992. It was published in 2004 by Dindo
et al. Grade 1 complication represents any deviation from
the normal without the need of pharmacological treatment
(except for antiemetics, antipyretics, analgetics, diuretics,
electrolytes, and physiotherapy) or surgical, endoscopic,
and radiological interventions. This includes for example
transient elevation of the serum creatinine, atelectasis re-
quiring physiotherapy, and noninfectious diarrhea. Grade
2 complication stands for a pharmacological treatment
with drugs other than such allowed in grade 1, for exam-
ple tachyarrhythmia requiring β-receptor antagonist,
pneumonia, and urinary tract infections treated with anti-
biotics. Grade 3 complications require surgical, endo-
scopic, or radiological intervention like wound infection
with the need of surgical intervention with the need of an
anesthesia or pleural effusion with the need of a pleura
drainage. Life-threatening complications are defined as
grade 4 complications This includes for example acute
renal failure requiring dialysis lung failure requiring in-
tubation [29].

Costs for acute inpatient treatment

The methodology regarding the calculation of the costs that
has already been described in a prior study of our group [30].
All potential cost factors were recorded as accurately as pos-
sible for each of the 402 patients individually. Afterwards, the
actual costs for each cost factor were retrospectively calculat-
ed with help of the controlling division in our financial depart-
ment. For each patient, up to 196 individual parameters were
recorded [30].

Data management and analysis

Data were collected in a FileMaker® database (FileMaker
Inc., Santa Clara, CA, USA).We performed double entry with
a plausibility check to monitor data quality. IBM SPSS
Statistics 24 (Statistical Package for the Social Sciences,
IBMCorporation, Armonk, NY, USA) was used for statistical
analysis. To identify possible influencing factors, bivariate
analysis was conducted using Student’s t test or ANOVA.
Statistical significance was assumed at p < 0.05. Finally, mul-
tivariate analysis with backward selection was performed to
detect independent influencing factors (inclusion at p < 0.05,
exclusion at p > 0.10).
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Results

A total of 402 patients (293 women and 109 men) with an
average age of 81.3 years (95% confidence interval (CI) 80.5–
82.1) were included in the study. Baseline characteristics are
shown in Table 1.

Influence of complications on mortality

The mortality of patients without complications was 13.7% in
the 6 months’ follow-up and 22.3% in the 12 months’ follow-
up. Patients suffering from type III complications had a sig-
nificant higher mortality (27.7%; p = 0.018) after 6 months
compared to patients not suffering from any of these compli-
cations. In the 12 months’ follow-up, this trend could be de-
tected as well (35.9%), however without statistical

significance (p = 0.072). Complications type II and IV accord-
ing to Clavien and Dindo showed no significant influence on
mortality after 6 or 12 months (Table 2).

Influence of complications on HRQL (EQ-5D)

Type II (0.56 (min. − 0.2; max. 1.0); p = 0.032) as well as type
III (0.46 (min. 0.0; max. 1.0); p = 0.010) and type IV (0.41
(min. 0.0; max. 0.9); p = 0.005) complications were associated
with a significant decrease of EQ-5D after 6 months compared
to no complications (0.65 (min. − 0.2; max. 1.0)). However,
after 12 months, only patients suffering from type IV compli-
cations (0.42 (min. 0.1; max. 0.9); p = 0.017) had a signifi-
cantly lower EQ-5D compared to patients not suffering from
any complication (0.66 (min. − 0.2; max. 1.0). A trend to-
wards a reduced EQ-5D after 12 months was detected in

Table 1 Baseline characteristics
Age in years ± SD (min–max) 81 ± 8 (60–99)

Sex (n=)

Female 293 (73%)

Male 109 (37%)

Fracture classification (n=)

Nondisplaced femoral neck fracture 24 (6%)

Displaced femoral neck fracture 171 (43%)

Stable pertrochanteric fracture 65 (16%)

Unstable pertrochanteric fracture 121 (30%)

Subtrochanteric fracture 21 (5%)

ASA Score ± SD (min–max) 2.9 ± 0.6 (1–5)

Charlson Comorbidity Index ± SD (min–max) 2.4 ± 2.3 (0–12)

MMSE ± SD (min–max) 20 ± 9 (0–30)

Time between hospital admission and surgery in hours ± SD (min–max) 18 ± 13 (1–92)

Surgical procedure

Screw fixation (dynamic hip screw, cannulated screws) 27 (7%)

Intramedullary nail 210 (52%)

Hemiarthroplasty 143 (36%)

Total hip arthroplasty 22 (6%)

Length of stay in days ± SD (min–max) 14 ± 6 (2–50)

Most common complications (n=)

Type II 110

1. Urinary tract infection 92

2. Pneumonia 7

3. Newly occurred atrial fibrillation 3

Type III 47

1. Hematoma/seroma 19

2. Pleural effusion 12

3. Wound infection 5

Type IV 21

1. Myocardial infarction 10

2. Acute renal failure requiring dialysis 3

3. Stroke 3

SD standard deviation, ASA American Society of Anesthesiologists, MMSEMini-Mental Status Examination
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patients suffering from type II complications; however, this
was not statistically significant (p = 0.051). No impact of type
III complications was found after 12 months (Table 3).

Influence of complications on functional capabilities
(Barthel score)

Patients not suffering from a complication had a Barthel score
of 75.4 (min. 0; max. 100) after 6 months and 75.6 (min. 0;
max. 100) after 12 months. Patients suffering from type II
complications during hospitalization had a significantly lower
Barthel score after 6 months (61.3 (min. 0; max. 100); p =
0.001) and 12 months (58.7 (min. 0; max. 100); p = 0.001).
Similar results were found in patients who suffered from type
IV complications after 6 months (41.7 (min. 5; max. 100);
p < 0.001) and 12 months (50.8 (min. 5; max. 100); p =
0.013). Patients suffering from type III complications showed
a trend to a lower Barthel score after 6 months (62.7 (min. 10;
max. 100); p = 0.075), while after 12 months the Barthel score
increased to (72.6 (min. 15; max. 100); p 0.770) (Table 4).

Influence of complications on mobility (Tinetti score)

Complications types II–IV (type II, 14.1 (min. 1; max. 28);
p = 0.006; type III, 13.3 (min. 1; max. 28); p = 0.043; type IV,
9.3 (min. 0; max. 28); p = 0.002) showed a significant reduc-
tion in the Tinetti score after 6 months compared to no com-
plication (17.4 (min. 1; max. 28)). Twelve months after the
fracture, type II (14.0 (min. 1; max. 28); p = 0.002) and type
IV complications (8.9 (min. 1; max. 23); p = 0.002) were as-
sociated with a significantly lower Tinetti score compared to

patients not suffering from any of these complications (18.3
(min. 0; max. 28)). No significant influence was detected in
patients with type III complications (Table 5).

Multivariate analysis

After adjusting for age, gender, and ASA score, a trend to-
wards an increased mortality after 6 months was seen after
type III complications (p = 0.066), whereas other types of
complications did not show associations. HRQL was signifi-
cantly reduced after type II–IV complications at 6 months’
follow-up (p values: type II, 0.046; type III, 0.010; type IV,
0.010). After 12 months, a trend towards reduced HRQL was
seen after type II (p = 0.069), no association after type III and a
significantly reduced HRQL after type IV complications
(0.019). Type II and IV complications were significantly as-
sociated with a reduced Barthel score and Tinetti score after 6
and 12 month (p values: Barthel score: type II, 6 months,
0.001; 12 month, 0.001; type IV 6 months, < 0.001;
12months, 0.010; Tinetti: type II 6 months, 0.005; 12months,
0.010; type IV 6 months, 0.001; 12 months, 0.002). A trend
towards reduced Barthel and Tinetti scores was seen after type
III complications after 6 months (p values: BI, 0.058; Tinetti:
p = 0.070), while after 12 months no more associations were
observed.

Treatment costs: distribution and influence of
complications

The average costs for overall acute-care treatment were 8853
€. All types of complications resulted in significantly higher

Table 2 Mortality
Complication (Clavien and Dindo) Mortality 6 months

% (n=)

p value* Mortality 12 months

% (n=)

p value*

No complication 13.7% (31) 22.3% (44)

II 20.0% (22) 0.138 29% (27) 0.216

III 27.7% (13) 0.018 35.9% (14) 0.072

IV 15.0% (3) 0.873 27.8% (5) 0.598

* Compared to no complication

Table 3 EQ-5D
Complication (Clavien and Dindo) EQ-5D 6 months

Mean (95%CI)

p value* EQ-5D 12 months

Mean (95%CI)

p value *

No complication 0.65 (0.60–0.69) 0.66 (0.61–0.71)

II 0.56 (0.48–0.63) p = 0.032 0.56 (0.46–0.65) p = 0.051

III 0.46 (0.33–0.59) p = 0.010 0.56 (0.38–0.74) p = 0.332

IV 0.41 (0.26–0.60) p = 0.005 0.42 (0.25–0.59) p = 0.017

CI confidence interval
* Compared to no complication
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treatment costs. Acute care costs of patients suffering from no
complications averaged 7814€ (95%CI 7291–8338 €). A sig-
nificant increase was noted in patients suffering from type II
complication (9380€; (95%CI 8192–10,569 €) p = 0.004),
type III complications (12,782€; (95%CI 10,014–15,550 €)
p < 0.001), or type IV complications (13,635€; (95%CI
9400–17,870 €) p < 0.001) (Fig. 1).

Discussion

The aims of this study were to evaluate the influence of com-
plications in older patients with hip fractures on mortality,
health-related quality of life (HRQL) (EQ-5D), functional ca-
pabilities (Barthel score), mobility (Tinetti score), and their
economical acute care costs.

Influence of complications on mortality

Several authors investigated mortality after hip fractures in
older patients. Most of these studies focused on patients’ char-
acteristics and data from hospitalization. Usually postopera-
tive complications were not investigated. ASA-Score [31, 32],

comorbidities [31, 33], duration of postoperative immobiliza-
tion [31], gender [32–34], age [32, 33], and surgical delay [32]
have been shown to significantly increase mortality after hip
fracture. In this study, predominantly type III complications
increased mortality. This underlines that mainly those compli-
cations requiring surgical revision seem to increase the risk of
dying in a 12-month follow-up after surgical fixation of hip
fractures.

Influence of complications on HRQL

Although several studies investigated the influence of hip
fractures on quality of life, to the best of our knowledge few
have included the influence of complications. Alexiou et al.
showed in a review that the majority of those patients did not
regain their pre-fracture quality of life [35]. Reviewing 49
studies, they stated comorbidities, female gender, and under-
nutrition as factors associated with a negative impact on
health-related quality of life. These factors also lead to longer
duration of hospital stay, severe postoperative pain, and com-
plications [35]. Taking a closer look at the occurrence of com-
plications, all types resulted in a significantly lower EQ-5D
6 months after the fracture. No statistically significant

Table 4 Barthel score
Complication (Clavien and
Dindo)

Barthel score
6 months

Mean (95%CI)

p value* Barthel score
12 months

Mean (95%CI)

p value *

No Complication 75.4 (71.4–79.5) 75.6 (70.6–80.6)

II 61.3 (53.7–69.0) p = 0.001 58.7 (49.2–68.2) p = 0.001

III 62.7 (49.6–75.8) p = 0.075 72.6 (57.9–87.4) p = 0.770

IV 41.7 (25.1–58.2) p < 0.001 50.8 (29.7–71.8) p = 0.013

CI confidence interval
* Compared to no complication

Table 5 Tinetti score

Complication (Clavien and Dindo) Tinetti score 6 months
Mean (95%CI)

p-Value* Tinetti score 12 months
Mean (95%CI)

p-Value*

No complication 17.4 (16.1–18.8) 18.3 (16.7–19.9)

II 14.1 (12.1–16.1) p = 0.006 14.0 (11.4–16.5) p = 0.002

III 13.3 (9.5–17.1) p = 0.043 17.4 (12.7–22.0) p = 0.689

IV 9.3 (4.2–14.4) p = 0.002 8.9 (2.8–15.0) p = 0.002

Complication (Clavien and Dindo) 6 months p value * 12 months p value *

No Complication

II p = 0.523 p = 0.010

III p = 0.362 p = 0.327

IV p = 0.875 p = 0.001

CI- Confidence Interval
* Compared to no complication
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difference of HRQL was found between patients suffering
from type III complications and those not suffering from any
complication at 12 months’ follow-up. In contrast, HRQL in
patients with type II or IV complications does not equalize
during the 12 months follow up. It appears that patients suf-
fering from type III complications experience notable reduc-
tion of HRQL in the short term; however, they show a high
potential of recovery. In contrast, no further improvement be-
tween 6 and 12months was seen in patients who have suffered
from a type II or IV complication. This suggests that type II
and IV complications tend to reflect a worsening of the gen-
eral condition and an increase in secondary diseases, while
typical type III complications, such as surgical revision, do
not necessarily reflect the patient’s state of health. Hansson
et al. showed in their retrospective cohort study similar results
concerning patients suffering from complications. They found
that the absence of complications was associated with higher
satisfaction and lower pain, even 6 months after surgery [36].

Influence of complications on functional capabilities

Patients suffering from type II and type IV complications had
a significantly lower Barthel score 6 and 12 months after sur-
gery. Patients suffering from type III complications showed a
trend to a lower Barthel score 6 months after surgery, which
was not significant. However, they almost regained their func-
tional capabilities after 12 months compared to patients with-
out any complications. The additional surgery seems to pro-
long functional recovery of those patients, but they are not

significantly affected at the 1-year follow-up. In contrast, type
II and type IV complications may represent a surrogate pa-
rameter for the frailty of the patients like mentioned already
above. Several authors investigated functional outcome after
hip fracture. Most of them focused on patients’ characteristics
and data from hospitalization but did not examine the influ-
ence of different types of complications on the mid-term out-
come. In the recent literature, inconsistent results have been
published by different authors. This might be due to the dif-
ferent study collectives and study protocols. Patient character-
istics that have been associated with poor functional outcome
bymany authors are increased age [37–40], poor mental status
[37, 39, 41, 42], and higher degree of comorbidity [38]. While
there are now contradictory statements about high age alone as
a risk factor, there is agreement about the influence of the
previous state of health [43].

Influence of complications on mobility

“Tinetti score” was used to illustrate the influence of compli-
cations on mobility after hip fracture. All types of complica-
tions lead to a significantly lower Tinetti score compared to
patients not suffering from complications 6 months after the
surgery. Similar to HRQL and functional status patients with
type III complications improved after 12 months, whereas
type II and IV complications were associated with a signifi-
cantly reduced Tinetti score also after 12 months. Again, a
possible explanation could be that patients suffering from sur-
gical complications require a couple more months for
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Fig. 1 Costs depending on the Clavien and Dindo classification
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rehabilitation. Nevertheless, once survived patients suffering
from type III complications achieve comparable mobility to
patients without complications whereas mobility in patients
with type II and IV complications remains significantly de-
creased. Again, these complications seem to be a surrogate
parameter for an overall poor general health status, which
could be reasonable for reduced mobility.

Economical acute care consequences

Our group already showed that ASA-Score, Charlson
Comorbidity Index, and fracture location are influencing fac-
tors that lead to increased costs of acute care for hip fracture
treatment [30]. Complications during in-hospital treatment do
not only have an impact on patient’s mobility, mortality, func-
tional capability, and health-related quality of life; they go
along with significantly increased acute care costs as well.
Broderick et al. showed in their selective review regarding
failure of geriatric fractures that implant failure does not only
lead to a twofold increase in length of stay, but leads to a
doubling of healthcare costs as well [44]. Other authors
showed increased costs after implant failure, wound infection,
others reasons of reoperations, andmedical complications [17,
18, 44, 45]. In line with these findings, type III complications
were associated with increased costs in the present study.
However, patients who needed surgical revision were not
those causing the highest costs in our study sample. Patients
suffering from type IV complications were associated with the
highest healthcare costs. This might be due to prolonged in-
tensive care treatment and the necessary intensive inpatient
treatment after suffering from these complications (e.g., dial-
ysis). As expected, type III complications increase healthcare
costs in a significant amount. Even type II complications in-
crease healthcare costs during inpatient treatment significant-
ly. This is explained by an extra amount of medical or person-
al capacities (e.g., drugs like antibiotics) required by patients
suffering from type II complications.

Strengths and limitations

The results of the present study are limited by some factors.
We included only patients from one single center, and only
selected parameters were collected and analyzed. The fact that
orthogeriatric treatment, which has been proven to be effective
in reducing complications, was not performed in the present
analysis represents another limitation. Furthermore, a cost
analysis, regardless of how detailed and accurate it is, contains
some assumptions. For example, it is not possible to exactly
determine the duration of physician or nurse-patient contact
during the acute ward phase. Another drawback of this study
is that it only includes primary hospitalization costs. Finally,
the age restriction ≥ 60 years has to be mentioned as a

limitation, as this is not the typical definition of a geriatric
patient and therefore non-geriatric patients may have been
included.

Nevertheless, the prospective design and its large patient
collective are strengths of this study. Furthermore, the cost
analysis represents the result of an extremely detailed analysis
of the actual costs of care for every individual patient.

Conclusion

Complications after hip fracture treatment do not only in-
crease acute care costs, but also represent a burden for those
patients during the following rehabilitation. Complications
that require a surgical revision/ treatment (type III) increase
acute care costs as well as 6-month mortality significantly.
However, once survived, type III complications are not asso-
ciated with reduced HRQL, decreased functional capacities,
or impaired mobility after 12 months. Nevertheless, rehabili-
tation seems delayed as these patients show reduced HRQL,
functional capacities, and mobility after 6 months.

In contrast, type II and type IV complications are not
associated with increased mortality after 6 and
12 months. However, most probably being a surrogate
parameter for frailty, they are associated with reduced
HRQL, reduced functional outcomes, and impaired mo-
bility after 6 and 12 months. The results of the present
study emphasize the crucial role of perioperative com-
plications in geriatric patients with hip fractures from a
medical as well as from an economic perspective.
Therefore, special attention has to be given to the pre-
vention of those complications.
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