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Hemiarthroplasty for Displaced Femora Neck Fracture

Jung Wook Huh, MD, Han Eol Seo, MD, Dong Ha Lee, MD, Jae Heung Yoo, MD
Department of Orthopedic Surgery, Busan Medical Center, Busan, Korea

Purpose: This study investigates the relationship between preoperative neutrophil-to-lymphocyte ratio (NLR),
lymphocyte-to-C-reactive protein ratio (LCR), adbumin, and 2-year mortality in elderly patients having hemi-
arthroplasty for displaced femora neck fracture (FNF).

Materials and Methods: We retrospectively reviewed 284 elderly patients who underwent hemiarthroplasty for
Garden type IV FNF from September 2014 to September 2020. Using the receiver operating characteristic curve,
optimal cutoff values for LCR, NLR, and abumin were established, and patients were categorized as low or
high. Associations with 2-year mortality were evaluated through univariate and multivariate Cox regresson
analyses.

Results: Of the 284 patients, 124 patients (45.9%) died within 2 years post-surgery. The optimal cutoff values
were: LCR at 7.758 (specificity 58.5%, sengitivity 25.0%), NLR at 3.854 (specificity 39.2%, sengitivity 40.0%),
and dbumin a 3.750 (specificity 65.9%, sengtivity 21.9%). Patients with low LCR (<7.758), high NLR (=3.854),
and low abumin (<3.750) had astatistically significant reduced survival time compared to their counterparts.
Conclusion: Lower preoperative LCR and abumin levels, along with higher NLR, effectively predict 2-year
mortality and 30-day post-surgery complicationsin elderly patients with Garden type IV FNF undergoing hemi-

arthroplasty.
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INTRODUCTION

In generd, hip fractures are more common in females than
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males, and the incidence increases with age®. Certain risk
factors can aso increase the risk of sustaining a hip fracture,
including osteoporosis, afamily history of hip fractures, a
sedentary lifestyle, and certain medications. Regarding epi-
demiologicd trends, increasing incidence of hip fractures
has been reported in some regions of the world, while asta-
ble or decreasing trend has been reported in others?. This
trend may be influenced by changesin lifestyle and demo-
graphic factors, such as an aging population and changes
in physical activity levels. Identification of modifiable risk
factors that can influence mortality and research on effec-
tive treatment options are critical in the effort to address
thisimportant issue.

The use of immune-inflammatory markers such asthe neu-
trophil-to-lymphocyte ratio (NLR), lymphocyte-to-mono-
cyteratio (LMR), and C-reactive protein-to-albumin ratio
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(CAR) as potential predictors of non-oncological mortal-
ity after various surgical procedures, including surgery for
treatment of hip fractures, has increased in recent years.
Several studies have examined this association*®. In addi-
tion, arecent dissertation examined the relationship between
immune inflammeation indices and mortdity in ederly paients
with femoral neck fractures®. Of note, alink between the
lymphocyte-to-C-reactive protein retio (LCR) and NLR, as
emerging biomarkers of systemic inflammation, to reduced
survival rates in patients with other diseases such as colon
cancer has been reported®®. Albumin, which is regarded
as a marker of nutritional status and overall health, may
be a factor in the prognosis and outcomes of patients with
Garden type IV fractures. Hypoalbuminemia has shown
an association with increased morbidity and mortality in
various medical conditions, including orthopedic injuries
and surgical patients. In the context of Garden type IV frac-
tures, low levels of albumin may be an indication of poor
nutritional status and impaired healing capacity, potential-
ly contributing to adverse outcomes™?.

Given the differences in treatment approaches and mor-
tality rates among hip fracture patients®*4, considering hip
fractures as a homogeneous condition can be challenging.
Therefore, the aim of the authors of this study is to demon-
dtrate the clinical significance of LCR, NLR, and abumin
specifically for assessment of Garden type IV FNFs.

Among other factors LCR, NLR, and abumin have emerged
as potentia predictors of 2-year mortality for patients under-
going bipolar hemiarthroplasty (BHA). A retrospective sudy
of dderly patients with FNFs was conducted in order to assess
the vaue of these biomarkers for prediction of mortality and
postoperative complications. The study compared the group
of patients who died within two years with the group that
did not in order to assess the effectiveness of LCR, NLR,
and albumin for prediction of mortality, aswell astheir clin-
ica benefits.

MATERIALS AND METHODS
1. Trial Design and Study Settings

Study design, setting, and patient study were performed
according to the Declaration of Helsinki and followed the
recommendations of the STROBE guidelines. This study
was approved by the Ingtitutional Review Board (IRB) of
Busan Medicd Center (gpprova No. 2022-12-001). The need
for Informed Consent was waived by the IRB. Our study
population consisted of 284 patients who underwent surgery
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performed by a single orthopedic surgeon between September
2014 and September 2020, consecutive elderly patients (age
>65 years) undergoing hemiarthroplasty for treatment of
Garden type IV FNF. Tota hip arthroplasty (THA) is often
our preferred approach for patients who are younger than
65 years old, healthier, and have a better overal function-
a datus, particularly those classified asKoval grade 1. THA
offers saverd advantages, including the potentia for improved
long-term outcomes and the preservation of joint function.
The sudy induded patients who met specific criteria, incdlud-
ing age over 65 and a diagnosis of Garden type IV FNF.
Patients who underwent cementless hemiarthroplasty with-
in four weeks of diagnosis were aso included. However,
those with time to surgery over four weeks, severe demen-
tia or other psychiatric conditions, concomitant multiple frac-
tures, pathological fractures, or those who were lost to fol-
low-up were excluded from the analysis. A retrospective
analysis of 270 patients was ultimately conducted (Fig. 1).

2. Cementless BHA Procedure and Postoperative Care

All patients underwent cementless BHA while under spina
anesthesia, and received an intrathecd injection of 0.2 mL/kg
of bupivacaine (Heavy Marcaine™; AstraZeneca). Before the
surgery, patients received ingtructions on performance of var-
ious exercises, including sraight leg lifting, knee flexion/exten
sion, and ankle dorsiflexion/plantarflexion, to aid in their
rehabilitation. To prevent any postoperative complications,
patients received indruction on posturd adjustments and wore
medica compression stockings throughout their hospitd stay.

3. Outcome Assessment

Monitoring of the patient group was performed over a
period of two years, and a phone-based death inquiry was
conducted with both patient and guardian. The following
information was collected: surgery date, sex, age, current
height and weight, medical history, type of anesthesia used,
Adjusted Age-adjusted Charlson Comorbidity Index Score
(AACCIS), and American Society of Anesthesiologists
score (ASA). Analysis of preoperative laboratory results
including white blood cdll count, red blood cell count, hemo-
globin level, platelet count, neutrophil count, lymphocyte
count, monocyte count, basic cell count, absolute neutrophil
count, glomerular filtration rate, albumin level, C-reactive
protein level (CRP), and erythrocyte sedimentation rate
was also performed.

A two-step process was applied in order to extract mean-
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Assessed for eligibility
From Sep. 2014 to Sep. 2020, consecutive elderly patients (age =65

Excluded
- Patients who showed malunion of nonunion due to delayed initial
treatment (Time to surgery over 4 weeks) (n=2)
- Patients who had diagnosed severe dementia or other psychiatric

- Patients who were with concomitant multiple fractures (n=6)
- Patients who were with pathological fractures (n=2)

Er years) undergoing cementless hemiarthroplasty for displaced FNF
=§ in the arthopedics departments of the Busan Medical Center
5 (n=284 patients)
conditions (n=2)
- - Patients who were lost to follow up (n=2)
2
S
<
é [ Group |
© (Patients with death -2 year follow up) Group |l
< (n=124 patients) (Patients with survival -2 year follow up)

(n=146 patients)

Fig. 1. Flow chart for patient selection.
FNF: femoral neck fracture.

ingful variables from this extensive list. First, a thorough
review of the literature was conducted in order to identify
laboratory factors that have been previoudly reported as
potential predictors or indicators of outcomesin hip frac-
ture surgery and related fields. Use of this process allowed
us to focus on laboratory variables that have established or
emerging associations with surgical outcomes and patient
prognosis. Second, based on the findings from the literature
review, arigorous datisticd anaysis was performed in order
to determine which specific variables among the collected
laboratory results showed the strongest associations with
the outcome of interest, which, in our study, was the 2-year
mortality rate for patients who underwent BHA for treat-
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ment of Garden type IV FNF. Use of this process enabled
selection of the most relevant and meaningful laboratory
variables, including LCR, NLR, and albumin, which showed
potential associations with the outcome of interest.

The number of doses administered by patient-controlled
analgesia, the amount of rescue analgesics, and occurrences
of nausea and vomiting were recorded. Analysis of Kova
classfication grade, T-cane walking duration, generd post-
operative complications, and duration of hospitalization was
aso performed.

www.hipandpelvis.or.kr



Hip & Pelvis

Jung Wook Huh et a. Inflammatory Biomarkers and Femur Fractures

4, Statistical Methods

Satidica andysswasperformed usng IBM SPSS Statidtics
software (ver. 26.0; IBM). Continuous variables were pre-
sented as mean=standard deviation or median values with
interquartile ranges. A comparison of differences between
the low-LCR and high-LCR groups, aswell as between high
theNLR, low NLR groups, and high abumin, low albumin
groups, was performed using Independent Student’s t-tests
for data showing anormal distribution. Categoricd variables
were presented as numbers and percentages (%) and analy-
siswas performed using chi-square or Fisher’s exact test,
as appropriate.

The optimal cutoff values for LCR, NLR, and albumin
were determined using receiver operating characteristic
(ROC) curves, using the Youden index in order to maximize
senditivity and specificity. The area under the curve (AUC)
was calculated for determination of the significance of the
ROC, and the significance level was set at P<0.05.

Univariate and multivariate Cox proportiona hazard mod-
elswereemployed for andydsof 2-year mortdity. Kgpla-Meer
curves were used for estimation of patient surviva and com-
parison was performed using the Tarone-Ware test. Stetistica
analyses were performed using IBM SPSS Statistics soft-
ware (ver. 26.0) and R software (ver. 3.6.5; R Foundation
for Satistical Computing). Statistical Sgnificance was defined
as P<0.05, using atwo-sided test.

RESULTS
1. Patients’ Characteristics

The study population included 270 participants, with adis-
tribution of 94 males and 176 females, and a mean age of
75.73 years (range, 65-99 years), as shown in Fig. 1. Of these,
124 patients (45.9%) died during the 2-year postoperative
follow-up period, while no mortality occurred during the peri-
operative period.

Table 1. Optimal Cutoff Values for LCR, NLR, and Albumin

2. Optimal Cutoff Values for LCR, NLR, and Albumin

The cutoff valuesfor LCR, NLR, and dbumin were 7.758,
3.854, and 3.750, respectively, based on the analysis of the
receiver operating characteristic curve with a maximum
Youden index. The resultsfor the AUC for LCR, NLR, and
albumin were 0.609, 0.609, and 0.624, respectively, indi-
cating a fair predictive accuracy. The statistical signifi-
cance of these biomarkers was confirmed by their P-val-
ues, which were all below 0.05. Specificaly, the P-values
for LCR, NLR, and abumin were 0.036, 0.003, and 0.001,
respectively (Table 1). The ROC curvesfor LCR, NLR, and
abumin are shown in Fig. 2.

3. Relationships between Patients’ Data and Preoperative
LCR, NLR

The association between patient characteristics and LCR
and NLR parametersis shown in Table 2; 270 patients were
anayzed. Of these, 157 patients (58.1%0) were under the age
of 75 and 113 patients (41.9%) were over 75 yearsold. The
results for both the LCR and NLR groups showed similar
trends, sgnificant differences in age, sex, dbumin, neutrophil,
lymphocyte, CRP, LCR, and NLR were observed between
the groups based on the optimal cutoff value. Of note, sig-
nificantly higher mortality occurred among patients who
were over 75 years old, femae, had hypoalbuminemia, high
neutrophil levels, low lymphocyte levels, high CRP lev-
els, low LCR levels, and high NLR levels (Table 2).

4. Relationships between Clinical Variables and
2-Year Mortality (Kaplan-Meier Curve)

The results of survival analysis showed a median sur-
vival time of 20+ 1.16 months for patients with high LCR
(>7.758), while the median survival time was 15+ 3.06
months for those with low LCR (<7.758). Similarly, the
median survival time was 20==1.88 months for patients with

. AUC e e o
Variable (cutoff value) Sensitivity Specificity 95% ClI P-value
LCR 0.609 (7.758) 0.585 0.250 0.538-0.680 0.036*
NLR 0.609 (3.854) 0.392 0.400 0.539-0.678 0.003**
Albumin 0.624 (3.750) 0.659 0.219 0.555-0.694 0.001**

LCR: lymphocyte-to-C-reactive protein ratio, NLR: neutrophil-to-lymphocyte ratio, AUC: area under the curve, Cl: confidence

interval.
* P<0.05, ** P<0.01.
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Fig. 2. The receiver operating characteristic curve (ROC curve) of lymphocyte-to-C-reactive protein ratio (LCR], neutrophil-

to-lymphocyte ratio (NLR), and albumin.
AUC: area under the curve.

low NLR (<1.208), compared to 16+ 3.85 months for those
with high NLR (> 1.208). In addition, the median survival
time was 20 months for patients with high abumin (>3.750),
compared to 18 months for those with low abumin (<3.750)
(Fig. 3).

The hazard ratios of the covariates are shown in Fig. 4.
Significant results were obtained for sex, red blood cell,
neutrophil, lymphocyte, monocyte, eosinophil, and AAC-
CIS. Sex, neutrophil, lymphocyte, monocyte, eosinophil,
AACCIS, and ASA showed positive coefficients, indicat-
ing an increased risk rate (hazard ratio [HR]). Conversdly,
red blood cdllsand ASA showed negative coefficients, indi-
cating adecreased risk rate (HR).

5. Comparisons of Postoperative Complications

The results of comparison between the survival and degth
groups based on pain levels, walking ability, and surgery-
related outputs are shown in Table 3. Koval classification
was the only factor that showed a significant difference
between the two groups (P=0.023), while no statistically
significant difference was observed for any other factors.

The comparison of genera complications, length of stay,
and postoperative ambulatory functions between the two
groupsisoutlined in Table 4. Of particular interest, postop-
erative nausea and vomiting (PONV) and ddlirium were the
only factors that showed a satisticaly significant difference
between the surviva and desth groups (P=0.013 and P=0.032,

respectively).
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DISCUSSION

Our retrogpective study evauated 2-year mortdity in petients
with garden type IV FNF who were treated with BHA. The
2-year survival rate was 54.1%, and our findings indicat-
ed that alower LCR, ahigh NLR, and low abumin are mark-
ersfor prediction of 2-year complications and mortdity in
these patients. High NLR, low LCR, and low abumin showed
an association with significantly higher odds of in-hospi-
tal mortality. Based on our findings, we suggest that LCR
can be regarded as aréliable predictor of in-hospital com-
plication risk, and both high NLR and low LCR as useful
prognostic markers for overall mortality risk.

NLR and LCR are both indicators of systemic inflamma-
tion; the former reflects the relative increase in neutrophil
count and decrease in lymphocyte count, and the latter indi-
cates decreased lymphocyte count relative to CRP levels.
While NLR may be moreindicative of later stages of inflam-
mation, LCR could exhibit greater sensitivity in detecting
early inflammation. Thus, low LCR and high NLR can be
useful as independent predictors of in-hospital complica
tions and mortality®.

Our study provides evidence of the significance of pre-
operative LCR levels (<7.758) as a potential predictor of
postoperative complications and prolonged hospital stays
in patients with garden type IV FNF undergoing BHA.
Consistent with previous studies'®, as a result of our mul-
tivariate andysis, hypoabuminemiaand AACCIS>6 were
identified as independent risk factors for 2-year mortality
(P=0.041 and P=0.040, respectively), possibly due to their
association with a vulnerable physiologica state. Of note,
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Table 2. Relationships between Patients’ Characteristics and Preoperative LCR, NLR

. Total Low LCR High LCR High NLR Low NLR
Characteristic (n=270) (n=175) (n=95) P (n=145) (n=115) P
Age 0.024* 0.031*

<75yr 157 (58.1) 53(30.3) 631(66.3) 45 (31.0) 70 (60.9)

>75yr 113 (41.9) 122 (69.7) 32(33.7) 100 (69.0) 45(39.1)

Sex 0.032* 0.042*

Female 153 (56.7) 96 (54.9) 65 (68.4) 102 (70.3) 64 (55.7)

Male 117 (43.3) 79 (45.1) 30 (31.6) 43 (29.7) 51 (44.3)

Affected side 0.165 0.255

Left 137 (50.7) 88 (50.3) 53 (55.8) 79 (54.5) 61(53.0)

Right 133 (49.3) 87 (49.7) 42 (44.2) 66 (45.5) 54 (47.0)

Anemia (Hb <12 0.209 0.289
for male, Hb <11
for female)

Yes 83(30.7) 55 (31.4) 24(25.3) 46 (31.7) 41 (35.7)

No 187 (69.3) 120 (68.6) 71 (74.7) 99 (68.3) 74 (64.3)
Hypoalbuminemia <0.007*** <0.007***
(<3.750 g/dL)

Yes 115 (42.6) 80 (45.7) 18 (18.9) 71 (49.0) 52 (45.2)

No 155 (57.4) 95 (54.3) 77 (81.1) 74 (51.0) 63 (54.8)

AACCIS 0.128 0.012*

1-3 7 (2.6) 5(2.9) 0(0.0) 11(0.7) 6(5.2)

4-5 127 (47.0) 82 (46.9) 48 (50.5) 51(35.2) 48 (41.7)

26 136 (50.4) 88 (50.3) 47 (49.5) 93 (64.1) 61(53.0)

ASA class 0.101 0.078

I-11 201 (74.4) 129 (73.7) 601(63.2) 28 (19.3) 77 167.0)

1-1v 69 (25.6) 46(26.3) 35(36.8) 117 (80.7) 38(33.0)

Neutrophil (50-70%]) 68.19 70.68 63.73 <0.0071*** 77.89 59.97 <0.0071***
Lymphocyte (x10°/L) 20.40 17.94 24.79 <0.0071*** 12.61 26.99 <0.0071***
CRP (mg/dL) 8.64 12.82 <0.0071*** 9.66 7.76 <0.0071***
LCR 24.79 - 10.25 37.10 <0.007***
NLR 4.84 5.68 <0.0071*** - - <0.007***
2-Year mortality

Yes 128 (47.4) 86 (49.1) 36 (37.9) <0.001*** 71 (49.0) 51 (44.3)  <0.001***

No 142 (52.6) 89 (50.9) 59 (62.1) <0.001*** 74 (51.0) 64 (55.7)  <0.001***

Values are presented as number (%) or mean only.

LCR: lymphocyte-to-C-reactive protein ratio, NLR: neutrophil-to-lymphocyte ratio, Hb: hemoglobin, AACCIS: Adjusted Age-
adjusted Charlson Comorbidity Index Score, ASA: American Society of Anesthesiologists, CRP: C-reactive protein.

* P<0.05, *** P<0.001.

aprevious study also identified allogeneic transfusion as
apredictor of 1-year mortality in elderly patients who have
undergone surgery for treatment of FNFs™. Our findings
suggest that preoperative monitoring and management of
these factors could potentialy lead to improved patient out-
comes and reduced mortality risk.

Our study found an association of ahigh NLR (>3.854)
on admission with fractures and worse outcomes in orthogeri-
dric patients, indicating its potentia for use as an addition-
a biomarker for therapeutic selection and preventive inter-
vention. Elevated NLR, which islinked to the sysemic inflam-
matory-immunological process of osteoporatic fractures and

www.hipandpelvis.or.kr

other age-related diseases’®*, is influenced by various age-
related co-morbid conditions and fractures®®. In addition,
ahigh NLR may be suggedtive of a high probability of peri-
operative infectious complications, suggesting its potential
usein guiding empirical antibiotic therapy. However, con-
duct of additional research is needed to determine whether
patients with elevated NLR can benefit from administration
of preoperative cardiovascular medications and/or antibi-
otics®®.

Bohl et a.? reported higher rates of mortdity, sepsis, and
unplanned intubation for patients with hypoalbuminemia
The findings of our study also demonstrated a significant
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Fig. 3. Kaplan-Meier curve of lymphocyte-to-C-reactive protein ratio (LCR), neutrophil-to-lymphocyte ratio (NLRJ, and albu-

min (ALB).
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Hazard Ratio
I
Covariates  P-value H.R. 95% Cl [
Age 0537 1.011 (.977-1.045) @
Sex 0039 1973 (1.035-3.759) : -
WBC 0.584 1.214 (.606-2.431) T—=
RBC 0.002 0.156 (.049-.494) ——— |
Hb 0.113  1.344 (.932-1,939) 4 i
Platelet 0374 1.001 (.998-1.004) r
Neutrophil 0.001 1.600 (1.206-2.124) | &
Lymp 0001 1647 (1.224-2.216) I -
Mono 0.002 1.624 (1.192-2.213) I &
Eosino 0.009 1.326 (1.073-1.639) | S—
Baso 0.070 1.679 (.958-2.942) : L
ANC 0.805 1.000 (.999-1.001) L]
GFR 0.332 0.997 (.991-1.003) L]
Albumin 0.170 0.628 (.323-1.221) = 4
CRP 0449 0997 (.991-1.004) +
ESR 0.539 1.003 (.993-1.014) ,
AACCIS 0.005 1.534 (1.138-2.069) | &
ASA 0.017 0.506 (.289-.884) —s. |
LCR 0080 1.006 (.999-1.012) [
NLR 0.268 1.068 (.951-1.199) —:I-
0 05 1 15 2 25 3 35 4

Fig. 4. Hazard ratio (HR) of covariates.

Cl: confidence interval, WBC: white blood cell count, RBC: red blood cell count, Hb: hemoglobin level, Lymp: lymphocyte
count, Mono: monocyte count, Eosino: eosinophil, Baso: basic cell count, ANC: absolute neutrophil count, GFR: glomerular
filtration rate, CRP: C-reactive protein level, ESR: erythrocyte sedimentation rate, AACCIS: Adjusted Age-adjusted Charlson
Comorbidity Index Score, ASA: American Society of Anesthesiologists score, LCR: lymphocyte-to-C-reactive protein ratio,

NLR: neutrophil-to-lymphocyte ratio.

association between hypoalbuminemia and increased mor-
tality risk, with an albumin hazard ratio of 0.628 (Fig. 4).
Noncompliance with instructions for postoperative reha-
bilitation can increase the risk of complications and mor-
tality, underscoring the importance of early implementation
of preventive protocolsfor this population in order to improve
post-surgical quality of life and reduce mortality rates.

Compared with previous studies, our findings concur with
existing evidence supporting the prognostic significance of
inflammatory markers and albumin in hip fracture surgery.
However, our study focuses specifically on Garden stage
type IV FNFs, adistinct fracture subtype associated with
higher rates of morbidity and mortality. Inclusion of the less
commonly studied LCR parameter can result in enhanced
understanding of inflammatory markersin this context with
an emphasis on its potential as an independent predictor of
patient outcomes.

Severd underlying factors influence the observed associ-
ations between inflammatory markers and mortality in hip

www. hipandpelvis.or.kr

fracture surgery in the elderly. Systemic inflammation, as
demonstrated by elevated NLR and decreased LCR, is known
to contribute to impaired healing and increased suscepti-
bility to complications. In addition, immune function and
the body’s ability to respond to surgicd stress areinfluenced
by abumin, amarker of nutritiona status and overdl hesdlth.
These markers were identified as predictors of mortality,
underscoring the importance of considering systemic inflam-
mation and nutritional statusin the preoperative assessment
and management of patients with Garden stagetypelV FNF.

In conclusion, our study provides valuable insightsinto
the significance of inflammatory markers and albumin lev-
elsas prognodtic indicators in patients undergoing BHA for
treatment of Garden stage type IV FNF. The significant asso-
ciations observed between LCR, NLR, abumin, and patient
surviva provide evidence of their potential clinical utility
inrisk gtratification, trestment decision-making, and postop-
erative management.

Interpreting the findings of our study while kegping itslim-
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Table 3. Patients’ Chracteristics and Intraoperative Volume Loss

Survival group

Death group

(n=142) (n=128) Prvalue
Mean age (yr) 76.24 77.49 0.236
Sex 0.314
Male 60 (42.3) 43 (33.6)
Female 82 (57.7) 85 (66.4)
Mean BMI (kg/m?) 22.08 22.05 0.405
Koval classification (grade) 0.023*
| 74 63
Il 21 17
[ 15 8
v 8 9
v 10 8
VI 6 1M
Vil 8 12
Mean operation time (min) 131.57 138.15 0.078
Mean blood loss (mL) 343 279 0.065
Mean urine output (mL) 360.02 279.67 0.059
Values are presented as mean only, number (%), or number only.
BMI: body mass index.
* p<0.05.
Table 4. Complications and Length of Stay and Ambulation Function of Survival and Death Groups
Survival group Death group
(n=142) (n=128) Prvalue
General complication
Pressure sore 1 2 0.571
Pneumonia 2 3 0.875
DVT 0 0 -
PONV 0 6 0.013*
Delirium 3 10 0.032*
Local complication 0 - -
Length of stay (day) 39.26 44.54 0.073
T-cane walking (day) 11.52 11.97 0.402

DVT: deep vein thrombosis, PONV: postoperative nausea and vomiting.

* P<0.05.

itations in mind is important. Because this study was retro-
spective and non-randomized, causality could not be estab-
lished. Our sample sze wasrdatively smal; only 270 patient
records were reviewed over a 2-year period, therefore, con-
duct of additional research may be necessary in order to
obtain more accurate results. While our findings were adjust-
ed for covariates including comorbidities and medications,
there may be confounders that were not measured, such as
the initiation of complementary therapies that were not
accounted for.

Another limitation of our study isthat no statistically sig-
nificant relationship was observed between the biomarkers
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examined and the other risk factors considered. Despite
extensve efforts to evaluate potentid associations, the results
of our data analysis did not show significant correlations.
Conduct of future studies including larger sample sizes or
aternative methodol ogies may be necessary in order to fur-
ther examine the underlying mechanisms and unravel the
intricate interplay between these biomarkers and other fac-
tors. In addition, because our data was primarily from an
Asian cohort at a single center, there may be potential bias
in our findings that should be considered.
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CONCLUSION

Assessment of preoperative levels of LCR, NLR, and dbu-
min can be performed for prediction of 2-year mortdity and
postoperative complications in elderly patients with dis-
placed FNF undergoing hemiarthroplasty. Intensive care and
rigorous follow-up strategies may be beneficial to patients
with low levels of LCR and albumin, and high levelsof NLR
who are at higher risk.

FUNDING
No funding to declare.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

ORCID

Jung Wook Huh (https://orcid.org/0000-0001-9216-8238)
Han Eol Seo (https://orcid.org/0000-0002-1053-0764)
Dong Ha L ee (https://orcid.org/0000-0001-7826-2148)
Jae Heung Y oo (https://orcid.org/0000-0003-2928-4353)

REFERENCES

1.Holt G, Smith R, Duncan K, Hutchison JD, Gregori A.
Outcome after surgery for the treatment of hip fracturein the
extremely elderly. J Bone Joint Surg Am. 2008; 90: 1899-905.
https://doi.org/10.2106/jbjs.g.00883

2.Bouyer B, Leroy F, Rudant J, Welll A, Cogte J. Burden of frac-
turesin France: incidence and severity by age, gender, and
sitein 2016. Int Orthop. 2020;44: 947-55.
https://doi.org/10.1007/s00264-020-04492-2

3.Sekeitto AR, Sikhauli N, van der Jagt DR, Mokete L, Pietrzak
JRT. The management of displaced femoral neck fractures:
a narrative review. EFORT Open Rev. 2021;6:139-44.
https://doi.org/10.1302/2058-5241.6.200036

4.Chen YH, Chou CH, SuHH, et d. Correlation between neu-
trophil-to-lymphocyte ratio and postoperative mortality in
elderly patients with hip fracture: a meta-analysis. J Orthop
Surg Res. 2021;16:681. https://doi.org/10.1186/s13018-021-
02831-6

5.Fisher A, Srikusdanukul W, Fisher L, Smith P. The neutrophil
to lymphocyte ratio on admission and short-term outcomesin
orthogeriatric patients. Int J Med Sci. 2016;13:588-602.
https://doi.org/10.7150/ijms.15445

6.Wang Z, Wang H, Yang L, Jiang W, Chen X, Liu Y. High
platelet-to-lymphocyte ratio predicts poor survival of elderly
patients with hip fracture. Int Orthop. 2021;45:13-21.
https://doi.org/10.1007/s00264-020-04833-1

7.ZhouJ Wei Y, LanY, Zuo J, Hou X, Hou W. Individual and

www. hipandpelvis.or.kr

joint association of bioavailable testosterone and aging with
neutrophil-to-lymphocyte ratio in Chinese middle-aged and
elderly men. Aging Clin Exp Res. 2020;32:1515-23.
https://doi.org/10.1007/s40520-019-01333-0
8.Zhao G, Chen J, Wang J, et al. Predictive values of the post-
oper ative neutrophil-to-lymphocyte ratio, platelet-to-lympho-
cyte ratio, and lymphocyte-to-monocyte ratio for the diagnosis
of early periprosthetic joint infections: a preliminary study.
J Orthop Surg Res 2020;15:571. https://doi.org/10.1186/s13018-
(020-02107-5
9.Capkin S, Guler S, Ozmanevra R. C-reactive protein to albu-

min ratio may predict mortality for elderly population who
undergo hemiarthroplasty due to hip fracture. J Invest Surg.
2021;34:1272-7. hitps //doi.org/10.1080/08941939.2020.1793038

10.Nakamura Y, ShidaD, Boku N, et a. Lymphocyte-to-C-reac-
tive protein ratio is the most sensitive inflammation-based
prognostic score in patients with unresectable metastatic col-
orectal cancer. Dis Colon Rectum. 2021;64:1331-41.
https://doi.org/10.1097/dcr.0000000000002059

11.Yao WY, Wu XS LiuSL, Wu ZY, Dong P, Gong W. Preoperative
lymphocyte to C-reactive protein ratio as a new prognostic
indicator in patients with resectable gallbladder cancer.
Hepatobiliary Pancreat Dis Int. 2022;21:267-72.
https://doi.org/10.1016/j.hbpd.2021.08.006

12.Li S, Zhang J, Zheng H, Wang X, Liu Z, Sun T. Prognostic
role of serumalbumin, total lymphocyte count, and mini nutri-
tional assessment on outcomes after geriatric hip fracture
surgery: a meta-analysis and systematic review. J Arthroplagty.
2019;34:1287-96. https://doi.org/10.1016/j.arth.2019.02.003

13.Fox KM, Magaziner J, Hebel JR, Kenzora JE, Kashner TM.
Intertrochanteric versus femoral neck hip fractures: differen-
tial characteridtics, treatment, and sequelae. J Gerontol A Biol
i Med Sci. 1999;54: M635-40.
https://doi.org/10.1093/gerona/54.12.m635

14.Du P, Zhu 'Y, Guo J, et a. Incidence and risk factors asso-
ciated with surgical site infection after surgically treated hip
fracturesin older adults: a retrospective cohort study. Aging
Clin BExp Res. 2022;34:1139-48. https://doi.org/10.1007/s40520-
021-02027-2

15.LiuQ, XuR, MuD, et d. Progressin electrolyte and interface
of hard carbon and graphite anode for sodiurm-ion battery.
Carbon Energy. 2022;4:458-79. https.//doi.org/10.1002/cey2.120

16. Shin HJ, Kim JH, Han SB, Park JH, Jang WY . Allogeneic red
blood cell transfusion is an independent risk factor for 1-year
mortality in elderly patients undergoing femoral neck fracture
surgery: retrogpective sudy. Medicine (Baltimore). 2020;99:€21897.
https://doi.org/10.1097/md.0000000000021897

17.LiuK, Sheng J, Zhang H, et d. Risk factors for mortality after
uncemented bipolar hemiarthroplasty for geriatric displaced
femoral neck fracture. Orthopedics. 2021;44.e570-6.
https.//doi.org/10.3928/01477447-20210618-19

18. Linehan E, Fitzgerdd DC. Ageing and the immune system: focus
on macrophages. Eur J Microbiol Immunal (Bp). 2015;5:14-
24. https://doi.org/10.1556/eujmi-d-14-00035

19.Panda A, Arjona A, Sapey E, et d. Human innate immunose
nescence: causes and consequences for immunity in old age.
Trends Immunol. 2009; 30: 325-33.
https://doi.org/10.1016/}.it.2009.05.004

20. Cevenini E, Monti D, Franceschi C. Inflamm-ageing. Curr

173



Hip & Pelvis
Hip Pelvis 35(3): 164-174, 2023

Opin Clin Nutr Metab Care. 2013;16:14-20. short-term prognosis of perioperative myocardial infarction
https://doi.org/10.1097/mco.0b013e32835adal3 in patients undergoing noncardiac surgery: a cohort study.
21. Franceschi C, Bonafé M, Vdensin S, et d. Inflamm-aging. An Ann Intern Med. 2011;154:523-8. https.//doi.org/10.7326/0003-
evolutionary pergpective on immunosenescence. Ann N'Y Acad 4819-154-8-201104190-00003
S4. 2000;908: 244-54. hitps //doi.org/10.1111/].1749-6632. 20001006661 24.Bohl DD, Shen MR, Hannon CP, Fillingham YA, Darrith
22.van Waes JA, Nathoe HM, de Graaff JC, et d. Myocardial B, DellaVale CJ. Serum albumin predicts survival and post-
injury after noncardiac surgery and its association with short- operative course following surgery for geriatric hip fracture.
term mortality. Circulation. 2013;127:2264-71. J Bone Joint Surg Am. 2017;99:2110-8.
https://doi.org/10.1161/circul ationaha.113.002128 https://doi.org/10.2106/jbjs.16.01620 Erratumin: J Bone Joint
23. Devereaux PJ, Xavier D, Pogue J, et al. Characteristics and SUrg Am. 2018;100: e41.

174 www.hipandpelvis.or.kr



