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Background: Elderly patients often suffer from postoperative cognitive impairment which increases mortality, morbidity, and
the economic burden. However, how continuous femoral nerve block (cFNB) influence the incidence of post-
operative cognitive dysfunction (POCD) has never been reported. This study tried to explore how cFNB affects
the incidence of POCD among low-risk and high-risk patients with femoral neck fractures.

Material/Methods: We conducted a retrospective propensity score-matched study and allocated matched patients (n=172) with
femoral neck fractures into the cFNB group (n=86) and the control group (n=86). Demographical and clinical
data were collected and compared, including the visual analog scale (VAS) score, the morphine consumption,
and the POCD incidence. Subgroup analysis of high-risk patients (Mini-Cog score <2) and low-risk patients
(Mini-Cog score >3) was also carried out.

Results: After matching, baseline characteristics of 2 groups were comparable between the 2 groups (all P>0.05). Compared
with the control group, the cFNB group had significantly lower visual analog scale (VAS) score and morphine
consumption in the postoperative 3 days (P<0.05). For high-risk patients, the Kaplan-Meier survival curve sug-
gested that the incidence of POCD the cFNB group was significantly lower than the control group (P=0.005),
without statistical difference for total or low-risk patients (P>0.05). Multivariate Cox hazard regression analy-
sis showed that the adoption of cFNB conferred a protective effect on POCD (HR=0.556, 95% Cl 0.316-0.981,
P=0.043).

Conclusions: For patients undergoing femoral neck fracture surgery, perioperative cFNB administration is useful in decreas-
ing the incidence of POCD, especially for high-risk patients with a Mini-Cog score equal to or less than 2 points.
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Background

Postoperative cognitive dysfunction (POCD) is a condition
when the memory and intellectual function of the patient are
impaired by the process of anesthesia and operation, which
manifests as a reduction in neuropsychological test scores af-
ter surgery [1,2]. POCD is a common surgical complication in
orthopedics, including total knee arthroplasty (TKA) [3] and to-
tal hip arthroplasty (THR) [4]. Femoral neck fracture is a com-
mon injury in elderly patients, and typically requires ortho-
pedic surgery, such as internal fixation, arthroplasty, and hip
replacement [5], which is a risk factor for POCD [6]. The oc-
currence of POCD greatly increases the mortality, morbidity,
and medical burden of patients with femoral neck fractures.
Previous studies have confirmed the risk factors for POCD,
including the modifiable and non-modifiable ones [7], which
has laid the foundation for multiple preemptive measures for
preventing POCD.

Different tools have been developed to assess the cognitive
function of patients and to stratify the risk for POCD, including
the Montreal Cognitive Assessment (MoCA), Mini-Mental State
Examination (MMSE), and Mini-Cog® score [8]. The Mini-Cog
score is a brief and validated tool used in the evaluation of
cognitive function of elderly patients undergoing elective
surgery [9] which demonstrates good performance in predict-
ing postoperative complications [10]; while the MMSE has
been widely used as the diagnostic tool for POCD [2]. A study
showed that preemptive application of continuous femoral
nerve block (cFNB) could enhance analgesia and decrease the
incidence of POCD, which assumes that relief of pain could re-
duce the sensitization of pain receptors [11]. However, there is
rarely evidence investigating the influence of cFNB on the on-
set of POCD among patients undergoing femoral neck fracture
surgery. In this study, we retrospectively compared the analge-
sia effect and POCD incidence between patients receiving cFNB
and control patients by using propensity score match. In ad-
dition, a subgroup analysis of patients of different risk levels
and a Cox regression analysis was also conducted.

Material and Methods

Study population

We retrospectively collected the clinical data of patients meeting
the following criteria: 1) patient diagnosed with femoral neck
fracture and received elective surgeries; 2) patient older than
65 years old; 30 American Society of Anesthesiologists (ASA)
classification of the patient resulted of ASA grade | or II;
4) patient complete data including MMSE score and Mini-
Cog score. Exclusion criteria: 1) patients not adherent to or
dropped from MMSE evaluation; and 2) patients with severe
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postoperative delirium. From June 2012 to June 2018, a total
of 468 patients diagnosed with femoral neck fractures and re-
ceived surgeries in our hospital, among whom 326 patients
fit the criteria and were recruited in this study. The propen-
sity score match excluded 154 patients, while the other 172
patients remained in the study, who were classified into the
cFNB group and the control group (patient-controlled intrave-
nous analgesia, PCIA) according to the treatment type. Figure 1
showed the study design.

Demographic characteristics from the hospital’s electronic da-
tabase were collected for analysis. The signed informed con-
sent of the patients was also acquired at admission. There was
no patient demonstrating symptoms of cognitive dysfunction
and all patients were aware when signed the consent. All au-
thors had no access to information that could identify indi-
vidual participants during or after data collection. The Medical
Ethics Committee of The Third Affiliated Hospital of Wenzhou
Medical University approved this study.

Anesthesia

All patients were given intravenous anesthesia; 1 mg pene-
hyclidine hydrochloride was injected intramuscularly before
the anesthetic. A 20-gauge intravascular catheter was placed
in the basilica vein, and routine monitors including noninva-
sive blood pressure, peripheral capillary oxygen saturation,
bispectral index (BIS), and electrocardiogram were also ap-
plied. Induction of anesthesia was completed with midazol-
am (0.05-0.1 mg/kg), sufentanil (0.3-0.4 pg/kg), etomidate
(0.1-0.2 mg/kg), and cis-atracurium (0.15-0.2 mg/kg), followed
by application of a laryngeal mask airway. The parameters were
usually set as follows: tidal volume 6-8 mL/kg, oxygen flow
1.5 L/minute, PETCO2 35-45 mm Hg and respiratory rate (RR)
12-14 times/minute. Anesthesia was maintained with a con-
tinuous infusion of propofol (Sichuan Guorui Pharmaceutical
Co., Ltd., No. H20040079, 4-8 mg/kg/hour) and remifent-
anil (Yichang Renfu Pharmaceutical Co., Ltd., No. H20030197,
0.1-0.2 pg/kg/minute), and muscle relaxation was maintained
with intermittent injection of cis-atracurium (Jiangsu Hengrui
Pharmaceutical Co., Ltd., No. H20060869, 0.05 mg/kg). During
the surgery, the BIS was kept at 40-60, and incidents includ-
ing hypotension and bradycardia were dealt with using the
appropriate drugs. Before the completion of the surgery, pro-
pofol, remifentanil, and cis-atracurium were stopped, and in-
travenous injection of neostigmine (0.02 mg/kg) and atropine
(0.01 mg/kg) were conducted to relieve the residual effects of
the muscle relaxants.

Perioperative analgesia

As previously described [11], supine position was placed for pa-
tients of cFNB group the with the target leg a little abducted.
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Figure 1. Flow chart of study design.
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Mark entry point 1 cm lateral to the femoral artery. A Braun
nerve stimulator (pulse duration 0.1 ms, stimulation frequency
2 Hz, initial current 1 mA, threshold current 0.3 mA) was used
for positioning the entry. Injection of 15 mL mixture of 2% li-
docaine and 0.75% ropivacaine into the previously marked
point when a current <0.3 mA could still induce quadricep
contraction and patella fluctuation was conducted. The nee-
dle was slowly inserted to a depth of 2 mm at the entry point
at a cephalic angle of 30° and then the core was replaced with
a 20-gauge cannula. Next, the mixture of 5 mL lidocaine/rop-
ivacaine was injected for another time. We used a disposable
patient-controlled analgesia pump (containing 0.75% ropiva-
caine 25 mL+sufentanil 50 pg) connected to the cannula, which
lasted for 50 hours following surgery.

For patients given traditional PCIA, the disposable patient-con-
trolled analgesia pump (containing bolus dose, oxycodone 1 mg
and nefopam 1 mg) was connected to the deep venous cathe-
ter. Intravenous morphine injection and oral COX-2 inhibitors,
including parecoxib sodium or celecoxib for pain management
were given for all patients.

Data collection

Demographic data of age, gender, body mass index (BMI), edu-
cation, as well as clinical characteristics including ASA grade,
comorbidities, Garden classification, and surgery type were all
collected from the hospital’s electronic database.

We recorded the visual analog scale (VAS) score and postopera-
tive usage dose of morphine. We also made the VAS score and
dose of morphine evaluation at 9 time points (post-anesthesia
care unit [PACU] on first day, first evening, second night, sec-
ond day, second evening, third night, third day, third evening).

Cogpnitive function was evaluated by MMSE and Mini-Cog score.
MMSE was measured prior to surgery and every day after the
surgery, and a decrease of 2 points compared to the baseline
level was considered as POCD. Mini-Cog score was evaluat-
ed before the surgery to divide the patients into a high-risk
subgroup (Mini-Cog score <2) and low-risk subgroup (Mini-
Cog score >3).

Statistical analysis

We used IBM SPSS Statistics, version 19.0 (SPSS, Inc., Armonk,
NY, USA) for statistical analysis. Normality distribution test of
the variables was conducted first to check the variable distri-
bution condition. When meeting the normal distribution, the
continuous variables were described as mean+standard devi-
ation, while not they were described as median (lower quar-
ter, upper quarter). The categorical variables were presented
as proportions.

Comparison of continuous variables of different groups was
conducted with independent sample t-test. We used the
chi-square test to compare differences between categorical
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Table 1. Demographical and clinical characteristics of patients undergoing femoral neck fracture surgery.

Before the match After the match
Variables

(n=184) (n=142) (n=86) gzaiue
Demographics
CAge) 688:57 71867 <0001 700864 705862 0672
Gender (%6 Male) 5127.2%) 41089%) 0804 28 (326%) 27 (314%) 1000
CBMiGgmd) 268:47 256843 <0001  257:36 253142 0488
Ceducaon 0943 0573
"""" Witeracy 47 @55%) 37 (@61%) 22 (256%) 22 (256%)
"""" Elementaryschool 59 321%) 47 (G31%) 32 372%) 25 01%)
"""" Highschool 52 (283%) 36 254% 18 (09%) 25 (290%)
"""" College or higher 26 (141%) 22 (155%) 14 (163%) 14 (163%)
CAsAgade oses 0358
"""" L a@ew 30 QL% 22 (56% 16 186%
"""" " 140 ge1%) 112 789%) 64 (744% 70 8L4%)
CComorbidites
"""" Hypertension 79 (429%) 60 (423%) 0911 31 (360%) 40 (465%) 0215
"""" Diabetes 52 283%) 41 (289%) 0902 26 (302%) 24 (27.9%) 0867
"""" Cerebrovascular Disease 13 (7.1%) 13 (2% 0540 7 (81%) 10 (1L6%) 0611
"""" Cardiovascular disease 34 (185%) 12 (85% 0010 15 (174%) 7 (81%) 0108
"""" Renaldysfuncton 8 (43%) 7 @49%) 0797 4 (7% 5 (58%) 1000

[ 62 (33.7%) 37 (26.1%) 0.082 19 (22.1%) 27 (31.4%) 0.145
"""" o 78 24w 53 (37.3% 42 (488%) 42 (88%)
"""" w20 (109% 21 148% 12 (140%) 4 (@7%)
"""" v 2a(30% 31 (218% 13 (151%) 13 (151%)
R o086 0133
"""" Dynamic hipscrew 53 (325%) 35 (246%) 27 (314%) 24 (279%)
"""" Dynamic locking plate 56 (188%) 36 (254%) 22 (256%) 30 (349%)
"""" Hemi-arthroplasty 35 487%) 22 (155%) 15 (174%) 6 (0%
 Totalhipreplacement 40 (487%) 49 (45%) 2 (256%) 26 302%)
CEemese 0001 0176
- <poins 36 (196% 52 (366%) 20 (233% 20 (337%)
 s3points 148 (804%) 90 (634%) 66 (167%) 57 (663%)

PCIA — patient-controlled intravenous analgesia; cFNB — continuous femoral nerve block; BMI — Body mass index; ASA — American
Society of Anesthesiologists.
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Figure 2. (A—C) Postoperative VAS score of cFNB group and Control group. PACU, post-anesthesia care unit; Eve, evening; Nit, night; *
P<0.05. VAS - visual analog scale; cFNB — continuous femoral nerve block; PACU — post-anesthesia care unit.

variables. Multivariable logistic regression was used in pro-
pensity score calculation after considering demographic and
clinical variables. The “greedy match” method were used for
the match of patients with the closest propensity. Following
the propensity score match, a Student’s t-test for paired sam-
ples and a McNemar test were used for comparison of demo-
graphic and clinical date. Repeated measurement analysis of
variance was used for comparison of VAS and morphine con-
sumption of different time point.

As for the survival analysis, Cox hazard ratios (HR) regression anal-
ysis was conducted for the covariates and the incidence of POCD.
The POCD incidence in the cFNB group and the control group was
compared via Kaplan-Meier survival curves and log rank tests.
A P-value less than 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics

There were obvious differences between the cFNB group and the
control group in age (P<0.001), BMI (P<0.001), cardiovascular

diseases (P=0.010), and Mini-Cog score (P=0.001) before being
matched, as shown in Table 1. However, the propensity score
match eliminated these differences. After the match, demo-
graphic and clinical data was similar without statistical signif-
icance between the 2 groups (all P>0.05).

VAS score and opioid consumption

As demonstrated in Figure 2, the mean VAS score of the cFNB
group was much lower than the control group during all 3 days
after the surgery (P<0.05). Figure 3 shows that the morphine
consumption of the cFNB group was also lower than the con-
trol group while in the PACU and during the first day after the
surgery (P<0.05). However, morphine consumption was similar
between the 2 groups on day 2 and day 3 (P>0.05).

Incidence of POCD

The incidence of POCD was assessed within 7 days after the sur-
gery by evaluating the MMSE score. When comparing the cFNB
group and the control group, the Kaplan-Meier curve (Figure 4)
and the log-rank test showed that no significant difference was
found in the incidence of POCD (P=0.102). In terms of subgroup
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Figure 3. Postoperative morphine consumption of cFNB group and Control group. * P<0.05. cFNB — continuous femoral nerve block;

PACU - post-anesthesia care unit; Eve — evening; Nit — night.

analysis for patients with different Mini-Cog score, the results
were different. For patients with Mini-Cog score >3, the inci-
dence of POCD was comparable between the cFNB group and
the control group (Figure 5). However, Figure 6 demonstrat-
ed that the incidence of POCD for the patients with Mini-Cog
score <2 in the cFNB group was significantly lower (P=0.005).

Cox regression analysis

The results of Cox regression analysis are shown in Tables 2
and 3. We conducted the univariate regression analysis and
the results showed that age, Garden classification, and sur-
gery type were statistically significant risk factors. These fac-
tors were included in the multivariate regression model to-
gether with Mini-Cog score and cFNB use. The final model
showed that age, hemi-arthroplasty, and total hip replacement
(compared to dynamic hip screw) were independent risk fac-
tors, while the use of cFNB was the protecting factor for the
incidence of POCD (HR 0.556 95% Cl 0.316-0.981, P=0.043).

Discussion

Ever since it was first reported in 1955 as cognitive impair-
ment cases, POCD has gained worldwide attention for its re-
lated morbidity, increased healthcare burden and even mortal-
ity, especially in elderly patients [12]. However, the underlying
mechanism of POCD remains elusive, which leads to continuous
controversy over the diagnosis, prevention and treatment [13].
One proposed explanation is that receptor sensitization in
the brain is induced by surgery pain [14], which lays the basis
for prevention with local blockade. Several studies suggested
that the femoral nerve block could interrupt the transmission
of pain to the spinal cord, and hence reduce the sensitization
of spinal cord and brain pain receptors, which share common
pathways with cognitive function [15,16]. Intended for pain
relief, cFNB has been applied in TKA surgery and has obvious
effect [17]. We applied cFNB in surgery for femoral neck frac-
tures, which are common and hazardous for the elderly [18].
Perioperative analgesia plays a critical role in femoral neck frac-
ture treatment [19]. Our results showed that cFNB achieved a
much more satisfying analgesic effect after the surgery com-
pared to traditional PCIA. As a result, the additional use of in-
travenous morphine sharply decreased on the first day when
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Figure 4. Kaplan-Meier curve of POCD in total.
POCD - postoperative cognitive dysfunction.
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Figure 5. Kaplan-Meier curve of POCD in low risk patients (Mini-
Cog >3). POCD - postoperative cognitive dysfunction.

cFNB was used. It has been reported that patients with hip
fractures, including those patients with dementia, who received
femoral nerve block had lower pain scores and required lower
doses of opioids before surgery compared with those receiv-
ing conventional pain management [20], which correlated well
with our study results. Another potential mechanism includes
postoperative inflammation and NF-kappaB/P65 signaling path-
way, which has been proven to be important in the develop-
ment of POCD [21]. Ren et al. demonstrated that Ulinastatin

Figure 6. Kaplan-Meier curve of POCD in high risk patients (Mini-
Cog <2). POCD - postoperative cognitive dysfunction.

had the effect of reducing oxidative stress as well as inflam-
matory response, improving neurological functions, and pro-
moting postoperative recovery for elderly patients with fem-
oral neck fracture after hip arthroplasty [22].

The diagnosis criteria of POCD has varied between different
studies; however, all criteria required the evaluation of the
cognitive function before and after the study [23]. MMSE is
one of the most widely used scales in evaluating cognitive
function, and a previous study defined POCD as a postopera-
tive MMSE score >1 standard deviation below the preopera-
tive score [24]. Deng et al. used the MMSE score >1 standard
(equal to 2 points) and reported that preemptive use of cFNB
could enhance the recovery of cognitive function in patients
undergoing TKA surgery [11]. We also adopted the latter crite-
ria and achieved similar results. However, we found differenc-
es between high-risk patients and low-risk patients defined by
the preoperative Mini-Cog score. Compared to MMSE, Mini-Cog
is more convenient and timesaving (3 to 4 minutes), and less
affected by age and education level [25]. Patients with a pre-
operative Mini-Cog score equal to or lower than 2 point might
already have underlying mild cognitive impairment (MCl) and
might be easily affected by the surgery. Our study showed
that in all 49 patients with a Mini-Cog score <2 enrolled in our
study, 20 cases (40.8%) developed POCD, which was much high-
er than the prevalence among patients with Mini-Cog scores
>3 (27.6%). The final Cox regression model also demonstrated
that a Mini-Cog score <2 was a strong risk factor for POCD (HR
0.601 95% Cl 0.339-1.064, P=0.081), however, without statis-
tical significance. The preoperative evaluation made it possible
to follow subgroup analysis. Although the incidence of POCD
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Table 2. Univariate Cox regression analysis between covariates and the incidence of POCD.

Covariates HR
Age 1.069
_ Gender (Male to Female) 089
ewt 1039
Educaton
"""" Witeracy o=
"""" Elementaryschool 1058
"""" Wighschool 0642
"""" College or higher 1394
CAsAQto) 1006
Hypertension 0971
 Diabetes melltus 1046
 Cerebrovascular disease 0717
 Cardiovascular disease 0995
 Renaldysfuncton 1063
| Garden classification
,,,,,,, | S
"""" v 1094
"""" w2383
"""" v o aso1
CSurgerytype
"""" Dynamic hip screw =
"""" Proximal femoral nail 1822
"""" Hemi-arthroplasty 4301
~ Totalhipreplacement 8391
 Mini-Cogscore G3to<2) 0643
UseofcNB 0664

95%Cl P value
1.021-1.118 0.004
""""""""""""" 0500-1607 0713
""""""""""""" 0971-1113 0269
""""""""""""" 0530-2110 0873
""""""""""""" 0278-1483 0299
""""""""""""" 0645-3015 0398
""""""""""""" 0587-2045 0774
""""""""""""" 0564-1671 0916
""""""""""""" 0583-1875 0881
""""""""""""" 0259-1985 o052
""""""""""""" 0450-2202 0991
""""""""""""" 0332-3407 0917
""""""""""""" 0491-243¢ 087
""""""""""""" 0887-6402 0085
"""""""""""" 2175-10598 <0001
""""""""""""" 0610-543% 0282
"""""""""""" 1406-13158 0011
"""""""""""" 325521629 <0001
""""""""""""" 0370-1118 o118
""""""""""""" 038-1143 0139

POCD - postoperative cognitive dysfunction; HR — hazard ratio; Cl — confidence interval; BMI — body mass index; ASA — American

Society of Anesthesiologists; cFNB — continuous femoral nerve block.

between the cFNB group and the control group didn’t differ in
the total group of patients or in the subgroup of patients with
Mini-Cog >3, it was significantly different for the subgroup of
patients with Mini-Cog <2, which meant that the cFNB could
be helpful in preventing POCD for high-risk patients. We only
evaluated the short-term incidence of POCD within 7 days us-
ing survival analysis, which could avoid the influence of reha-
bilitation and hospital stay.

The subsequent multivariate regression analysis also validat-
ed the protective role of cFNB with respect to POCD devel-
opment (HR 0.556 95% Cl 0.316-0.981, P=0.043). We should
recognize that both Mini-Cog <2 and use of cFNB was not sig-
nificant in univariate analysis. Univariate analysis was used

for first screen rather than final decision, while multivariate
analysis considered all possible variables in total, which was
more accurate and related to realities. Variables with wheth-
er statistical significance or clinical implication could be in-
cluded in final model.

Several risk factors for onset of POCD were identified in this
study. Aside from the Mini-Cog score and use of cFNB discussed
previously, 2 factors remained statistically significant: age and
surgery type. Undoubtedly, age is one of the most essential risk
factors in POCD incidence, or even the only important risk fac-
tor, as suggested by some reports [26], which might be attrib-
uted to the neurovascular disease-related risk factors, more ce-
rebral white matter damage and less cognitive reserve present
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Table 3. Multivariate Cox regression analysis between covariates and the incidence of POCD.

Covariates HR

I 0.913
"""" W os%s
"""" Voo 1185
Csugerytype
 Dynamic hipscew -
Proximal femoral nail 2032
 Hemi-arthroplasty 4974
Totalhip replacement 7656
 MiniCogscore (3to<2) 0601
UseofcNB 0556

95%Cl P value

1.012-1.107 0.014
"""""""""""" 0380-2194  083%9
"""""""""""" 02422907 o781
""""""""""""" 0423-3323 o741
""""""""""""" 0644-6411 0226
"""""""""""" 1402-17655 0013
"""""""""""" 262022371 <0001
""""""""""""" 0339-1064 0081
""""""""""""" 03160981 0043

POCD - postoperative cognitive dysfunction; HR — hazard ratio; Cl — confidence interval; cFNB — continuous femoral nerve block.

in older patients [27]. Another significant risk factor is the sur-
gery type; we found that the risk of POCD for patients under-
going hemi-arthroplasty is nearly 4 times higher than patients
undergoing dynamic hip screw, while the risk in patients un-
dergoing total hip replacement is 7 times higher. The obvious
differences between surgery types might be explained by the
longer duration of surgery and anesthesia, and greater quan-
tity of anesthetic drugs used, which have been reported to be
associated with higher incidence of POCD [27]. Notably, our
results found that surgery type was a significantly risk factor,
while Garden classification was not, which might be attribut-
ed to its association with the surgery type, and Cox regression
analysis can distinguish dependent variables.

Several limitations of this study must be specified. First, despite
propensity score match, disadvantages of non-randomiza-
tion, lack of complete clinical data, and retrospective views
still existed, which inevitable reduced the evidence power.
Secondly, the sample size was still not optimal to determine
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other possible risk factors and the effect of cFNB on all pa-
tients. Also, since MMSE was evaluated several times after the
surgery, the results might have been affected by the repeat-
ed measurements. Finally, long-term results of POCD were ab-
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Conclusions

In summary, by retrospectively comparing the incidence of POCD
in patients receiving cFNB to controls, we can reach the con-
clusion that perioperative cFNB can help prevent POCD, espe-
cially for high-risk patients with Mini-Cog scores equal to or
less than 2 points. We also demonstrated that age and sur-
gery type were highly associated with development of POCD.
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