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Abstract

In patients over 65y.0. who were surgically treated for a hip fracture, electrolytes have not been specifically studied as predictors
of mortality. The main purpose of this study was to assess whether electrolytes and chronic kidney disease (CKD) stages,
evaluated at admission, could represent a pre-operative prognostic factor in this population. Moreover, the role of epidemio-
logical and clinical parameters was analyzed with and without a surgical timing stratification. This retrospective study included 746
patients. For each patient, their age, gender, fracture classification, Hb value, comorbidities, ASA class, chronic kidney disease,
creatinine levels, electrolytes and surgical timing were collected. CKD-epi, MDRD, modified MDRD and BIS| were used to obtain
eGFR and CKD stages. All parameters were analyzed individually and in relation to the different surgical timing. Descriptive
statistics, Chi-square test and survivability analysis with Kaplan Meier curve were used. In patients with a hip fracture non-
significant association with increased mortality was shown for the following variables: Hb value, sodium values, calcium values,
CKD stages and creatinine values. Otherwise altered kalemia was associated with a statistically significant increase in mortality as
well as male gender, two or more comorbid medical conditions, advanced age (>75 years), higher ASA class. Surgery performed
within 72h resulted in a statistically significant reduction in mortality at 6 months and, when performed in 24h-48h, a further
reduction at 4 years. Age and ASA class statistically significant increased mortality regardless the surgical timing. Male patients
operated after 48h from hospitalization were associated with a statistically significant increase in mortality rate. Two or more
comorbidities were related to a statistically significant increased number of deaths when patients were treated after 96h. Altered
kalemia values at hospitalization are associated with a statistically significant increase in mortality in patients operated after 72h
from admission.
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Introduction execution of surgery is often caused by management prob-
lems®!'? or the need to “optimize” the patients, reducing the
risk of perioperative complications. However, in patients with
multiple comorbidities, it is still unclear if clinical stabilization

Hip fractures are a common injury in the elderly and early
surgical treatment has been one of the most important chal-
lenges in orthopedic surgery in the last decade. Current guide-
lines indicate that hip surgery should be performed within 48
hours from the injury to drastically reduce mortality and post-
operative complications.l'4 Furthermore, many studies suggest ' Department of Orthopaedics and Traumatology (DiChirOnS), University of
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can bring benefits in terms of mortality risk reduction.'!"'?

Acute renal failure has been associated with increased mortal-
ity up to 1 year after surgery.'> Moreover, chronic kidney
disease (CKD),"* as well as kidney dysfunction, evaluated with
cystatin C,'° are likely risk factors for hip fractures. Despite
these extensively evaluated conditions, there are only a few
controversial analyses comparing kidney dysfunction and
patient-reported outcomes. Furthermore, in elderly patients
with a hip fracture, the role of electrolytes as factors related
to mortality has not been fully investigated.'® The main pur-
pose of this study was to assess whether electrolytes and
chronic kidney disease (CKD) stages, evaluated at hospitaliza-
tion, could be a pre-operative prognostic factor in patients over
65 with femur fracture. Moreover, the role of epidemiological
and clinical parameters, also assessed at hospitalization, was
analyzed with and without the surgical timing stratification.
Guidelines indicate that an early surgery can lead to great
improvements in patients’ wellbeing. The study of these vari-
ables related to an increased mortality was made considering
both independent factors and surgical timing related factors.
The authors hypothesize that higher CKD stages could be asso-
ciated with an increased post-operative mortality in these
patients. No significant results were expected from the evalua-
tion of electrolytes due to the attention in rebalancing and
maintaining their normal values in the pre and post-surgical
management. The results of the epidemiological and clinical
parameters were expected to be in accordance with the
literature.

Materials and Methods

A retrospective study was conducted on 746 patients over the
age of 65 that presented with a proximal femoral fracture and
were treated in our Orthopedic Department between 1st January
2013 and 31th December 2016. Each X-Ray was revised by
2 independent reviewers (G.E.V. and F.B.). In cases of disagree-
ment, the senior author (L.C.) was consulted for the final deci-
sion. Periprosthetic fractures, fractures related to metastases/
cancer, patients affected by at least another concomitant frac-
ture, those who were under the age of 65 and those undergoing
the dialysis, were excluded. For each patient, specific data were
collected: age, gender, hip fracture classification, pre- and post-
surgery hemoglobin (Hb) value, electrolytes, comorbid medical
conditions, American Society of Anaesthesiologists (ASA)
classification, chronic kidney disease, surgical timing. Of the
746 patients 660 of them had undergone surgery. The remaining
86 patients, based on a high intra and post-operative risk of
death defined by the anesthesiology evaluation, refused the
planned surgery and received non-surgical treatment. The oper-
ated patients were allocated into 3 age groups: 65-75 years,
76-85 years and over 86 years old. Fractures were classified
according to the AO classification in AO/OTA 31A, 31B,
31C'7 and to anatomic pattern in subcapital fractures, transcer-
vical fractures, basicervical fractures, pertrochanteric and inter/
sub-trochanteric fractures. Hemoglobin values (1g/dl rate) were
observed pre- and post-surgery, evaluating the gap (positive in

blood loss) as well as blood transfusions. Pre-operative electro-
lytes parameters were collected and reviewed for each patient.
Sodium (Na™), potassium (K™) and calcium (Ca*") were
divided into 3 ranges each according to the serum level of each
parameter: hypocalcemia (Ca®" < 8.5 mg/dl), normocalcemia
(8.5 < Ca*" < 10.59 mg/dl), and hypercalcemia (Ca®*" >
10.6 mg/dl); hypokalemia (K™ < 3.5 mEqg/L), normokalemia
(3.5 <K' <5.19 mEq/L), and hyperkalemia (K" > 5.2 mEq/
L); hyponatremia (Na™ < 134.9 mEq/L), normonatremia
(135<Na* <145.9mEq/L), hypernatremia (Na* > 146 mEq/L).
All patients had pre-operative albumin levels > 3,0 g/dl and
glycemia under control during surgery. However, no correction
has been made for Ca®" according to the albumin level. Crea-
tinine levels were collected upon admission and used to obtain
estimated glomerular filtration rate (eGFR) using the following
equations: Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI), Modification of Diet in Renal Disease
(MDRD), modified MDRD, Berline Initiative Study (BIS1)
[18-25]. At this point each patient has been classified in CKD
stages: 1 (éGFR > 90 ml/min), 2 (¢GFR 60-89 ml/min), 3 (eGFR
30-59 ml/min), 4 (¢GFR 15-29 ml/min), 5 (¢GFR 0-14 ml/min).
To better evaluate the correlation with mortality, cGFR was also
divided into 2 stages: eGFR >60 ml/min; and eGFR <60 ml/min.
In most of the cases, surgery was performed as follows: dis-
placed subcapital femoral neck fractures (<80 years) underwent
an uncemented total hip replacement; displaced subcapital
femoral neck fractures (>80 years) underwent a cemented hemi-
arthroplasty; inter/sub-trochanteric fractures were fixed with an
intramedullary nail. According to guidelines, all patients under-
went thromboprophylaxis and antibiotic prophylaxis based on
their comorbidities and allergies. In each patient the electrolyte
alterations, in particular Na™ and K™, were carefully evaluated
and, when necessary, these were restored to normal values
before surgery. Therefore, these were monitored and kept in
balance within normal ranges until discharge. The time between
the trauma and the surgery was retrieved in each patient.
Patients were divided according to surgical timing: within
24 hours, between 24 and 48 hours, between 48 and 72 hours,
between 72 and 96 hours, after 96 hours. Comorbid medical
conditions were evaluated, considering the anatomic district
involved and the number of conditions. Patient survival was
confirmed using the National TS Project (Health Insurance
Card) and the NAR (Regional Health Registry Office) archive
until 4th March 2017. These details were used to indicate the
time that had passed since hospitalization. Lastly, the associa-
tion between mortality and age, gender, type of fracture, Hb
value, electrolytes, comorbid medical conditions and CKD
stages were evaluated. These factors were analyzed individually
and relating to the different surgical timings mentioned above.

Statistical Analysis

General analysis was carried out with mean and standard devia-
tion, maximum and minimum values for continuous variables;
absolute number and frequency distribution for categorical
variables. Chi-square test was used for normally distributed
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Table 1. Patient Population.

746
251

Total n° patient population
Total n° deaths

Gender M: 189 (25.3%) F: 557 (74.7%)
Age Min: 65 Average: 82 Max: 100
Operated patients Yes: 660 (88.5%) No: 86 (11.5%)
Type of Fracture Extra-capsular: 511 (68.5%) Intra-capsular: 235 (31.5%)
Table 2. Patient Population: Kidney Function.

N° patients Average Min Max
Kidney function
Creatinine 694 1.13 0.38 8.99
eGFR (Treated) 648 60.85 4.79 106.27

Table 3. Increase in Mortality: CKD Stages Based on CKD-EPI Equation in Operated Patients.

CKD Stages Total n° patients N° treated patients Deaths Deaths % Increase in mortality correlated to Stage |
Stage | 65 60 15 25,0

Stage 2 293 273 83 30,4 OR: 1.3105 (Cl:0.69-2.48) p value >0.05

Stage 3 258 246 8l 32,9 OR: 1.4727 (Cl:0.78-2.79) p value >0.05

Stage 4 6l 54 20 37,0 OR: 1.7647 (CI:0.79-3.94) p value >0.05

Stage 5 17 I5 7 46,7 OR: 2.6250 (Cl:0.81-8.46) p value >0.05

Total 694 648 206

CKD Stages Increase in mortality correlated to moderate stages
Moderate (Stages |, 2, 3) 579 179 30,9

Severe (Stages 4, 5) 69 27 39,1 OR: 1.4366 (Cl:0.86-2.40) p value >0.05

Table 4. Increase in Mortality: CKD Stages Based on MDRD Equation in Operated Patients.

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to Stage |
Stage | 153 45 29,4

Stage 2 219 62 28,3 OR: 0.9478 (Cl:0.60-1.49) p value >0.05

Stage 3 220 78 35,5 OR: 1.3183 (Cl:0.85-2.06) p value >0.05

Stage 4 45 17 37,8 OR: 1.4571 (Cl:0.73-2.92) p value >0.05

Stage 5 I 4 364 OR: 1.3714 (CI:0.38-4.92) p value >0.05

Total 648 206

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to moderate stages
Moderate (Stages 1, 2, 3) 592 185 31,3

Severe (Stages 4, 5) 56 21 375 OR: 1.32 (CI:0.75-2.33) p value >0.05

continuous data. A p-value < 0.05 was considered to be statis-
tically significant. Survivability analysis were carried out with
a Kaplan Meier curve. Data were collected using Microsoft
Excel and statistical analysis was performed with XLSTAT
program. Univariate analysis was used in this study.

Results

A total of 746 proximal femoral fractures were admitted to
our hospital between 1st January 2013 and 31th December
2016 (Table 1). Creatinine was collected in 694 patients. The

eGFR was calculated with the CKD-EPI equation only in the
648 operated patients. The average value of eGFR was 60.85
+ 23.25 ml/min (Table 2). An increase in mortality was
found in patient at CKD stages > 2 compared to those at
CKD stage 1, although the correlation was not statistically
significant (Table 3). The same evaluation was conducted
using MDRD, modified MDRD and BIS1 equations without
any significant association being found (Tables 4, 5, and 6).
An unreported calculation has also been made with simple
creatinine levels and again no statistically significant differ-
ence was found.
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Table 5. Increase in Mortality: CKD Stages Based on MDRD Modified Equation in Operated Patients.

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to Stage |
Stage | 128 38 29,7

Stage 2 207 60 29,0 OR: 0.9667 (CI:0.60-1.57) p value >0.05

Stage 3 249 84 337 OR: 1.2057 (CI:0.76-1.91) p value >0.05

Stage 4 50 17 34,0 OR: 1.2201 (CI:0.61-2.45) p value >0.05

Stage 5 14 7 50,0 OR: 2.3684 (CI:0.78-7.22) p value >0.05

Total 648 206

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to moderate stages
Moderate (Stages |, 2, 3) 584 182 31,2

Severe (Stages 4, 5) 64 24 37,5 1.3253 (ClI:0.76-2.26) p value >0.05

Table 6. Increase in Mortality: CKD Stages Based on BIS| Equation in Operated Patients.

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to Stage |
Stage | 28 7 25,0

Stage 2 209 60 28,7 OR: 1.2081 (CI:0.49-2.99) p value >0.05

Stage 3 343 112 32,7 OR: 1.4545 (CI:0.60-3.52) p value >0.05

Stage 4 57 23 40,4 OR: 2.0294 (CI:0.74-5.55) p value >0.05

Stage 5 I 4 36,4 OR: 1.7143 (CI:0.39-7.66) p value >0.05

Total 648 206

CKD Stages N° patients Deaths Deaths % Increase in mortality correlated to moderate stages
Moderate (Stages |, 2, 3) 580 182 31,4

Severe (Stages 4, 5) 68 27 39,7 OR: 1.4753 (Cl:0.88-2.47) p value >0.05

Regarding the electrolytes’ evaluation, Ca>" was collected
in 682 patients while Na™ and K™ was collected in 700 patients.
As for the patients who had surgery, on the other hand, Ca®"
values were retrieved in 640 patients while Na* and K™ values
were retrieved in 653 patients. Altered levels of Na™ and Ca*™,
related to normal values, did not show statistically significant
correlation with increased mortality, both independently and
relating to any surgical time. Hypokalemia (OR: 2.01; p value
< 0.05) as well as hyperkalemia (OR: 2.48; p value < 0.05),
when related to normokalemia, showed a correlation with an
increased mortality (Tables 7 and 8). Altered levels of K™ were
studied in their correlation between surgical timing and mor-
tality. Patients suffering from hyperkalemia with a surgery
performed after 72 hours, compared to normokalemia value,
showed a statistically significant increase in mortality (OR:
2.09, p value < 0.05). Hypokalemia assessed in relation to the
surgical timing showed an increased risk of death without being
statistically significant (Tables 9 and 10).

The dates of death were recorded until 4th March 2017. At
that time, the death toll was 251 (33.65%), while 495 patients
were still alive (66.35%). A cumulative survival rate was estab-
lished with a Kaplan Meier curve in 30 days 0of 94.1% + 0.009;
in six months 0of 80.7% =+ 0.014; in 1 year of 75.3% =+ 0.016; in
2 years 0f 69.6% =+ 0.017;in 3 years of 67.6% + 0.017 and in 4
years of 66.4% + 0.017. Among the patients who underwent
surgery (660 patients, 88.5%), the death toll was 209 (31.7%).

Eighty-six patients (11.5%) received non-surgical treatment and
42 deaths of them were registered (48.8%). Based on the dates of
hospitalization and surgery, patients were grouped according to
their surgical timing. No statistically significant difference was
noted in terms of mortality in patients treated within 24 hours of
hospitalization compared to the others (OR: 0.24; p value >
0.05), although the test sample was small. Patients who under-
went surgery before 48 h, compared to those operated later,
showed a statistically significant reduction of mortality (OR:
0.67; p value <0.05). This reduction in mortality was even more
statistically significant in patients operated within 72 hours and
96 hours compared to patients treated later (p value < 0.05). In
patients operated within 72 hours, compared to those treated
subsequently, there was a reduction in mortality that was already
evident six months after the hospitalization. Performing the sur-
gical procedure before 48 hours, compared to the surgical timing
window of 48-72 hours, further reduced the mortality at 4 years
after the hospitalization (Table 10).

Evaluation of how ASA classification could have influenced
mortality showed that patient with ASA class > 2, compared to
ASA < 2, was associated with increased mortality (OR: 8.72,
p value < 0.05 and OR: 26.04, p value < 0.05 for ASA 3 and
4 respectively). Furthermore, patients with ASA class 3 and 4,
compared to those with a lower class, showed a statistically
significant correlation with an increased mortality regardless of
the surgical timing.
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Table 7. Patient Population: Electrolytes Levels.

Electrolytes N° patients Average Min Max
Na-+ 700 138.98 110 163
K+ 700 4.40 2.70 774
Ca2+ 682 8.40 4.60 11.43
Table 8. Patient Population: Electrolytes Levels in Operated Patients.

Electrolytes Total n° of patients

Na+ Hypo Normal values Hyper
N° of patients 653 68 563 22

K+ Hypo Normal values Hyper
N° of patients 653 36 553 64
Ca2+ Hypo Normal values Hyper
N° of patients 640 369 269 2

Table 9. Increase in Mortality: Altered Levels of Electrolytes in Operated Patients.

Electrolytes Altered levels < n.v.

Altered levels > n.v.

Na+ OR: 1.02 (CI:0.61-1.71) p value >0.05
K+ OR: 2.0l (CI:1.03-3.91) p value <0.05
Ca2+ OR: 1.35 (ClI:0.96-1.90) p value >0.05

OR: 1.43 (Cl:0.66-3.12) p value >0.05
OR: 2.48 (Cl:1.44-4.29) p value <0.05
OR: 2.54 (CI:0.16-41.12) p value >0.05

Table 10. Increase in Mortality: Altered Kalemia Levels Correlated to
Surgical Timing.

IperK+ Surgical timing Increase in mortality
< 48H OR: 1.75 p value >0.05
> 48H OR: 2.60 p value <0.05
<72H OR: 1.49 p value >0.05
< 96H OR: 2.09 p value <0.05

IperK Surgical timing Increase in mortality
> 48H OR: 2.0l p value >0.05
<72H OR: 1.22 p value >0.05

Patients over 75 years of age, compared to patients between
65 and 75 years of age, had a statistically significant increase in
mortality (OR: 2.27; p value < 0.05). A further evaluation was
made by correlating this factor to the surgical timing. Patients
older than 75 years, compared to those under 75, showed sta-
tistically significant correlation with an increased mortality
regardless of the surgical timing.

Regarding the gender evaluation, females represented the
74.7% of the whole population and were therefore more affected
by femur fracture than the male gender. However, the male
gender recorded a statistically significant increase in mortality
(OR: 1.93; p value < 0.05) both independently and relating to
surgical timing in those patients operated after 48 hours when
compared to the female gender (OR: 1.67; p value < 0.05).

Analysis of comorbidities and mortality indicate that
patients with two or more comorbidities had a statistically

significant increase in mortality compared to those who had
none (OR: 2.81; p value < 0.05). Furthermore, the correlation
between patients with two or more comorbidities and surgery
performed after 96 hours showed a statistically significant
increase in mortality when compared to those who presented
fewer comorbidities (OR: 2.97, p value < 0.05).

Fractures were identified and divided according to anatomic
pattern as follows: 384 pertrochanteric fractures (51.4%), 155
subcapital fractures (20.8%), 80 transcervical fractures
(10.7%), 74 basicervical fractures (9.9%) and 53 inter/sub-
trochanteric fractures (7.1%). Following a generic partition into
lateral and medial fractures the correlation with an increased
mortality rate was found to be not statistically significant (OR:
1.19; p value > 0.05).

Hemoglobin was evaluated in 660 patients with an average
pre and post-surgery value of 10.95 + 1.90 g/dl and 9.10 +
1.68 g/dl respectively. The increase of mortality in patients
with a pre-surgical value of Hb < 8 g/dl, compared to those
with Hb > 8 g/dl, was not statistically significant (OR: 1.22; p
value > 0.05). Moreover, patients with blood loss of > 5 g/dl
between pre and post-surgery, compared to those with blood
loss of <5 g/dl, still showed a non-statistically significant
increase in mortality (OR: 0.97; p value > 0.05).

Discussion

The main finding of this study was that, based on admission
tests, no significant association was observed between an
increased risk of mortality in patients over 65-years of age who
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Table I1. Mortality Correlation in Patients Treated Within 72 and 48 Hours.

Surgical timing
<72 hours

Time from hospitalization (months)

Surgical timing
<48 hours

| OR: 0.81 (CI:0.39-1.70) p value >0.05

OR: 1.57 (Cl:0.72-3.43) p value >0.05

6 OR: 0.65 (Cl:0.44-0.98) p value <0.05 OR: 0.78 (ClI:0.48-1.27) p value >0.05
12 OR: 0.61 (Cl:0.42-0.89) p value <0.05 OR: 0.80 (Cl:0.52-1.24) p value >0.05
24 OR: 0.59 (Cl:0.42-0.82) p value <0.05 OR: 0.69 (Cl:0.46-1.04) p value >0.05
36 OR: 0.58 (Cl:0.42-0.81) p value <0.05 OR: 0.68 (Cl:0.45-1.10) p value >0.05
48 OR: 0.58 (CI:0.42-0.81) p value <0.05 OR: 0.67 (Cl:0.45-0.99) p value <0.05

were surgically treated for a proximal femur fracture and CKD
stages > 2. The method used to evaluate the renal function was
the CKD-EPI equation, which is considered the gold standard
equation in staging CKD. However, the authors decided to use
all the accepted equations to minimize possible error: BISI,
MDRD and modified MDRD.'®?* Regardless of the equation
used, no statistically significant association was identified
between higher stages of impaired renal function and increased
mortality. Furthermore, creatinine levels and subsequent CKD
stages were not found to be a risk factor even when the increase
in mortality was correlated with surgical timing. Therefore, in
this patient population, due to the enormous clinical implica-
tions that CKD has, it is unclear what role this issue may play in
determining mortality. In literature, there are only few studies
where eGFR has been evaluated as a predictor of mortality in
patients who have undergone surgery for hip fracture. Two
studies, based on a multivariate statistical analysis, showed a
correlation between CKD stage 4 (CKD-EPI equation) and
higher mortality risk at 1 year.”?” However, the overall mor-
tality rate may vary with a longer follow-up. In fact, it is
important to remember that an acute kidney injury following
a hip fracture is common, directly associated with a worse
outcome'® and is most likely to happen in patients with an
already altered kidney function. An association between a CKD
stage 4 or higher and mortality was also found in another study
which is slightly different and based on a much smaller popu-
lation of patients.?® Three more studies also gave similar results
but with a non-specifically treated population and using differ-
ent follow-up, statistical analysis and eGFR equations.?*~'
Lastly, a study, based on a population of 88 over-70 patients,
evidenced that the HUGE (Hematocrit, Urea, GEnder) equation
was an independent risk factor for mortality while no statistical
correlation was found with eGFR calculated with Cockcroft-
Gault, MDRD or CKD-EPI equations.*? The only recent meta-
analysis on the subject reported a moderate evidence in CKD as
a mortality risk factor in a population over 60 years of age.*
Therefore, it remains doubtful whether CKD can be considered
a risk factor in determining an increased mortality in this pop-
ulation of patients.

To our knowledge only one study has evaluated the role of
electrolytes disorders as mortality risk factors in patient over 65
years of age treated for a proximal femur fracture. Lewis et al.
has shown that patient with an increased serum urea value,
creatinine value, potassium or sodium concentration as well

as an initial hyponatremia have an increased cumulative mor-
tality. In particular, they found a strong correlation between the
degree of uremia and mortality at 2 years. However, surgical
timing was never specified or evaluated and patients affected
by periprosthetic fractures were included in the study.'® Ana-
lyzing the electrolytes values in our study showed that most of
the patients included in the present study presented with hypo-
calcemia (57.65%). This may suggest a fragile condition asso-
ciated with an increased risk of fractures. On the other hand, a
weak and non-statistically significant correlation with an
increased mortality after surgery was found. When analyzing
Na™ imbalance, no association with increased mortality was
observed. Differently, K* disorders showed a correlation with
an increased mortality. Both hyper and hypokalemia alterations
were found to be a relevant negative prognostic factor. How-
ever, when related to surgical timing, hypokalemia was not
statistically significant associated with a higher mortality,
while this factor was relevant in patients with hyperkalemia.
Particularly, a significant increased mortality was found in
those patients surgically treated after 72 hours from admission.
In order to reduce mortality in patients with hyperkalemia, a
surgical treatment within 72 hours was found to be the most
appropriate indication. In the literature only two other studies
have evaluated electrolytes as mortality risk factors in patients
with hip fractures. However, none of them specifically ana-
lyzed patients who had undergone surgery. A study was strictly
focused on in-hospital mortality.** and the other one evaluated
the electrolytes as a generic presence/absence of fluid and elec-
trolytes disorders in an age-related multivariate analysis.>
Undoubtedly, it is certainly important to restore the electro-
lytes, especially the K™, to normal values before surgery. How-
ever, this study showed that K" alterations can be an indicator
of the risk of mortality since admission and, nonetheless,
should be a factor in planning the timing of the surgery to
reduce the mortality risk.

Analyzing the cumulative survival curve obtained with the
Kaplan Meier method, it was found that most patients with
femoral neck fractures died in the first few months after hospi-
talization regardless of whether they were treated or not. An
association between execution of the surgery and a decrease in
mortality was found, so when possible, it is necessary to oper-
ate. As already evaluated by Simunovic et al., * it was observed
that an early procedure reduces mortality and patients operated
after 48 hours, compared to those treated before, had a higher
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mortality rate and this association was statistically significant.
Similarly, patients operated within 24 and 48 hours, compared
to those treated later, benefited from the early surgical proce-
dure with a significant decrease in mortality. This significant
association with increased mortality was even more evident in
those patients treated after 72 hours. In particular, no signifi-
cant differences were found within the first months after sur-
gery, while already at six months there was a clear decrease in
mortality in patients operated within 72 hours compared to
those treated later. This trend is maintained in the same popu-
lation even at 1, 2, 3 and 4 years after surgery. In addition,
patients treated within 48 hours benefited from a further reduc-
tion in mortality at 4 years. Therefore, it is strongly recom-
mended operating within 48 hours and mandatory never to
exceed 72 hours (Table 11). These findings confirm many other
studies published in the literature that report an increase in
mortality in patients operated more than 48-72 hours after the
fracture.>*>-43?

In several studies, male gender, presence of comorbid med-
ical conditions, advanced age and higher ASA classification
are reported as negative prognostic factors after proximal
femoral fractures.*®

A statistically significant association between male gender
and increased mortality was also demonstrated in our study, in
accordance with the literature.*® However, a drastic reduction in
mortality related to this factor has been shown in patients oper-
ated within 48 hours. Therefore, it can be assumed that in the case
of two equal patients who differ only in gender, it may be appro-
priate to prioritize the planning of surgery for the male patient.

The analysis of comorbidities has shown that the presence of
at least two comorbidities is significantly associated with an
increase in mortality. Although it may be necessary or useful to
delay surgery to clinically stabilize patients, excessive delay
leads to a significant increase in mortality. It is advisable to
operate on these patients within 96 hours from hospitalization
to minimize the mortality rate.

The data showed that age is an important factor in the short,
medium and long term. Patients older than 75 years, compared
to younger ones, had a significant increase in the mortality rate,
as also Moran CG et al. demonstrated.*® Relating to surgical
timing, older age (>75 years) resulted as a negative prognostic
factor regardless of the surgical timing as also reported in a
recent metanalysis.’

In accordance with the literature, ASA class has been an
excellent predictor of mortality. A significant association with
increased mortality was found for ASA classes 3 and 4 when
compared to patients with a lower ASA class. Furthermore, as
well as age, ASA class is a direct measure of mortality risk,
regardless the surgical timing.

Lastly, our study showed that the anatomic type of femoral
neck fracture does not affect mortality and neither did the
difference between lateral and medial fractures. Similarly, pre
and post-operative hemoglobin values were not relevant in
determining patient outcomes.

This study has some limitations. A larger patient population
could guarantee a higher statistical value and multiple

creatinine evaluations with cystatin C measurements would
allow the use of more accurate equations for CKD staging. The
study is based on single detection at hospitalization, which has
always been compared with subsequent examinations to vali-
date its truthfulness / accuracy, although this can still be a
liability. Sodium levels can be altered not only by glycemia,
which has always been evaluated and corrected, but also by
other variables such as cholesterol/LDL that instead have not
been considered. Univariate analysis was used, it could be
useful to perform a multivariate analysis of the data in case
of a larger sample size. Our study is also limited by its retro-
spective design. A longer clinical follow-up would increase the
validity of the data and further prospective studies could serve
to confirm the results.

In conclusion, this study has observed that, in patients older
than 65 years with hip fracture, a surgical timing of less than 48-
72 hours has been associated with a significant reduction in
mortality. Evidence of that was already significant after six
months from hospitalization, underlining the importance of oper-
ating within 72 hours to have a reduction of mortality risk at the
short/medium term. A surgery performed within 24-48 hours,
compared to one performed between 48 h and 72 hours, led to
a further reduction in long-term mortality at 4 years. No signif-
icant association with a reduction or an increase in mortality was
shown for the following variables: pre and post-surgery Hb val-
ues, post-surgery hemoglobin differential values, sodium values,
calcium values, CKD stages and altered levels of creatinine at
hospitalization. On the other hand, this study confirmed the cor-
relation between male gender, older age (>75 years), altered
kalemia, comorbid medical conditions, high ASA class and an
increased mortality risk in older patients with hip fracture. Neg-
ative prognostic factors like age and ASA class did not influence
mortality relating to surgical timing. Otherwise, male gender was
associated with an increased mortality in patients operated after
48 hours from hospitalization. Patient and surgeon must be
aware that altered kalemia values at hospitalization are signifi-
cantly associated with an increase in mortality. To avoid this
specific risk related to hyperkalemia, patients must be operated
within 72 hours of admittance. Moreover, two or more comor-
bidities, compared to patients with not or with only one associ-
ated pathology, were related to an increased number of deaths
when patients were treated after 96 hours.

List of abbreviation

ASA American society of anaesthesiologist;

eGFR estimated glomerular filtration rate;

CKD chronic kidney disease;

CKD-EPI  Chronic Kidney Disease Epidemiology Collaboration;
MDRD Modification of Diet in Renal Disease;

BIS1 Berline Initiative Study.
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