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Abstract

Background Data are currently lacking regarding perioperative stroke recurrence in hip fracture patients with
previous stroke. We aimed to analyze the incidence and risk factors of perioperative stroke recurrence in elderly
patients with previous stroke who underwent hip fracture surgery.

Methods We used 2019 and 2020 data from the United States National Inpatient Sample database. We identified
elderly patients with previous ischemic stroke who had undergone hip fracture surgery to analyze the incidence of
stroke recurrence. A 1:4 propensity score matching was used to balance confounding factors related to demographic
data and matched the control group with the stroke recurrence group. Risk factors for stroke recurrence were
determined using univariate and multivariate logistic analysis.

Results The incidence of perioperative stroke recurrence in elderly patients with previous stroke who underwent
hip fracture surgery was 5.7% (51/882). Multivariate logistic regression analysis showed that intertrochanteric fracture
(odds ratio 2.24, 95% confidence interval 1.14-4.57; p=0.021), hypertension (odds ratio 2.49, 95% confidence interval
1.26-5.02; p=0.009), and postoperative pneumonia (odds ratio 4.35, 95% confidence interval 1.59-11.82; p=0.004)
were independently associated with stroke recurrence.

Conclusions The perioperative stroke recurrence rate in elderly hip fracture patients with previous stroke was
5.7%. Intertrochanteric fracture, hypertension, and postoperative pneumonia were identified as factors significantly
associated with stroke recurrence in this study. Adequate systemic support post-fracture, effective blood pressure
management, and proactive infection prevention may help reduce stroke recurrence, especially in patients with
intertrochanteric fractures.
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Background

With population aging, hip fractures complicated by
stroke have become more common in elderly patients,
with a reported incidence ranging between 4% and 15%
[1, 2]. Hip fractures and stroke can be disabling and
potentially fatal, seriously endangering the health and
quality of life of elderly patients [3, 4]. Stroke is one of
the most important risk factors for hip fractures [5], with
ischemic stroke being the most common [6]. Patients
with stroke have an up to four-fold increased risk of hip
fractures owing to the high incidence of falls and loss of
bone mass on the paretic side [7].

Previous studies have examined the incidence and risk
factors of perioperative stroke in non-cardiac and non-
neurologic surgery [8—11]. Perioperative stroke is defined
as a brain infarction of ischemic or hemorrhagic etiology
that occurs during surgery or within 30 days after surgery
[12], with a reported incidence of 0.1-10% [13, 14]. It has
been well documented that previous stroke can signifi-
cantly increase the risk of perioperative stroke [14—16].
However, to our knowledge, no study has specifically
addressed the incidence and risk factors associated with
recurrent stroke in elderly patients with preoperative
stroke who have undergone hip fracture surgery. Relevant
data are needed to establish expert consensus or clinical
guidelines for elderly patients with hip fracture and pre-
operative stroke.

In recent years, administrative databases have been
widely used in clinical research, and offer the potential to
examine infrequent exposures or outcomes. The National
Inpatient Sample (NIS) is a comprehensive database con-
taining information on hospital discharge covering both
payers and age groups. It accounts for approximately 20%
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of all admissions to non-federal hospitals in the United
States [17]. In this study, we used the NIS database, aim-
ing to identify elderly patients with preoperative stroke
who underwent hip fracture surgery to analyze the inci-
dence and risk factors of perioperative stroke recurrence.

Methods

Database and patients

We selected study subjects from the 2019 and 2020
National Inpatient Sample (NIS) databases according to
the International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM) codes [18-20].
Patients with preoperative stroke were identified using
ICD-10 163 codes, patients with intraoperative stroke
were identified using both ICD-10 G9732 and 197811
codes, and patients with postoperative stroke were iden-
tified using both ICD-10 G9752 and 197821 codes. Peri-
operative stroke is defined as a stroke that occurs either
during or after surgery. Therefore, we defined recurrent
perioperative stroke as patients with preoperative stroke
experienced intraoperative or postoperative stroke. Hip
fractures included femoral neck fractures and intertro-
chanteric fractures, and hip fracture surgeries included
primary hip arthroplasty and proximal femoral inter-
nal fixation. Specific ICD-10-CM codes involved in this
study are provided in Supplementary Material 1.

There were 99,469 elderly patients with hip fractures
who underwent hip fracture surgery, among whom
882 patients had preoperative stroke. Among these 882
patients, 51 experienced perioperative recurrent stroke
(Fig. 1). To analyze the relationship between periopera-
tive characteristics and stroke recurrence, we performed
propensity score matching (PSM) based on patient
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Fig. 1 Flowchart of the study population
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demographics. We matched 51 cases of stroke recurrence
with a control group of patients without stroke recur-
rence at a 1:4 ratio, with calipers set at 0.05 using the R
Matchlt package. Patient demographics and periopera-
tive characteristics before PSM were presented in Sup-
plementary Material 2. A plot illustrating the balance of
covariates before and after PSM was provided in Supple-
mentary Material 3.

Included variables

The demographic variables included age, sex, ethnicity,
and household income. The hip fracture was classified
as either femoral neck or intertrochanteric. The types of
surgery included hip replacement and proximal femo-
ral fixation. Previous ischemic stroke was classified into
four subtypes as follows: anterior circulation infarction,
posterior circulation infarction, cerebellar artery infarc-
tion, other or unspecified infarction. Whether long-term
use of antithrombotics after stroke was identified using
ICD10 Z7901 and Z7902 codes. Elixhauser comorbidi-
ties included obesity, alcohol abuse, drug abuse, demen-
tia, depression, acquired immune deficiency syndrome,
autoimmune conditions, diabetes, hypertension, chronic
heart failure, chronic pulmonary disease, chronic kid-
ney disease, peripheral vascular disease, hypothyroidism,
other thyroid disorders, leukemia, lymphoma, metastatic
cancer, and solid tumors. The Elixhauser comorbidity
score was calculated according to international standards
[21] to evaluate preexisting disease burden. The post-
operative complications of interest included deep vein
thrombosis, pulmonary embolism, pneumonia, respira-
tory failure, acute heart failure, myocardial infarction,
cardiac dysrhythmias, acute renal failure, urinary tract
infection, electrolyte disorders, and sepsis.

Statistical analysis

Missing values in the clinical data were filled in via
multiple imputations using the mice package in R. All
included variables were subjected to univariate analysis.
We evaluated categorical variables using Chi-square or
Fisher’s exact tests and non-normal/normal continuous
variables using Mann—Whitney U or ¢- tests. Statistically
significant variables in the univariate analysis and clini-
cally relevant variables were entered into the multivari-
able model. Statistical analysis was performed using R
(version 2023.03.1+446; The R Foundation for Statistical
Computing, Vienna, Austria) software, and statistical sig-
nificance was set at p<0.05.

Results

The incidence of perioperative stroke recurrence in
elderly patients with previous stroke who underwent
hip fracture surgery was 57% (51/882). In the uni-
variate analysis, there was no significant difference in
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demographic data (age, sex, race, and household income)
between the stroke recurrence and non-stroke recur-
rence groups. Regarding fracture type, the stroke recur-
rence group had a higher proportion of intertrochanteric
fractures than the non-stroke recurrence group (68.6%
vs. 50%, p=0.026), whereas the proportion of femoral
neck fractures had no significant difference between the
two groups. No statistically significant differences were
observed between the two groups in surgical type, stroke
type, and use of antithrombotics.

With respect to comorbidities, the difference in Elix-
hauser Score between the two groups was not statistically
significant. Only the prevalence of hypertension (51%
vs. 34.3%, p=0.042) in stroke recurrence group was sig-
nificantly higher than the non-stroke follow-up group.
Concerning postoperative complications, the incidence
of pneumonia in the recurrent stroke group was signifi-
cantly higher than that in the non-recurrent stroke group
(17.6% vs. 5.9%, p=0.014), followed by urinary tract infec-
tions (33.3% vs. 22.1%, p=0.135), acute heart failure (9.8%
vs. 4.9%, p=0.318), sepsis (11.8% vs. 7.4%, p=0.459), elec-
trolyte disorders (47.1% vs. 45.1%, p=0.925), and myo-
cardial infarction (11.8% vs. 9.8%, p=0.877). Univariate
analysis on patient demographics and perioperative char-
acteristics after PSM were summarized in Table 1.

Multivariate logistic regression showed that intertro-
chanteric fracture (OR 2.24, 95% CI 1.14-4.57; p=0.021),
hypertension (OR 2.49, 95% CI 1.26—5.02; p=0.009), and
postoperative pneumonia (OR 4.35, 95% CI 1.59-11.82;
p=0.004) were significantly associated with perioperative
stroke (Table 2; Fig. 2).

Discussion
In this study, we used 2019 and 2020 data from the NIS
database to examine the incidence and risk factors of
perioperative recurrent stroke in elderly patients with
preoperative ischemic stroke undergoing hip fracture
surgery. PSM was used to balance confounding factors
related to demographic data and matched the control
group with the stroke recurrence group. Risk factors for
stroke recurrence were determined using univariate and
multivariate analyses. The incidence of perioperative
stroke recurrence was 5.7%. Our findings indicated that
intertrochanteric fractures, hypertension, and postopera-
tive pneumonia were associated with stroke recurrence.
To our knowledge, we are the first to report the inci-
dence of perioperative recurrent stroke in hip fracture
patients with previous stroke. Previous study reported
that found that patients who experienced a stroke within
30 days before elective non-neurologic and non-cardiac
surgery had a higher risk of perioperative recurrent
stroke (adjusted OR, 8.02; 95% CI, 6.37-10.10; p<0.001)
compared with patients without previous stroke [14].
However, data on specific incidence rates are lacking.
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Table 1 Patient demographics and perioperative characteristics Table 1 (continued)
after matching

Non-Stroke  Stroke Re- P-

Non-Stroke  Stroke Re- P- Recurrence  currence  val-
Recurrence  currence  val- (N=204) (N=51) ue
(N=204) (N=51) ue No 176 (86.3) 44 (86.3)
Age, (mean+SD), years 820+7.7 825+70 0.678 Yes 28(13.7) 7(13.7)
Gender, n (%) 0300 Aps 1.000
Male 70 (34.3) 13 (25.5) No 203 (99.5) 51(100)
Female 134 (65.7) 38(74.5) Yes 1(0.5) 0(0)
Race, n (%) 0295 Autoimmune conditions 0470
White 172 (84.3) 39 (76.5) No 198 (97.1) 51(100)
Black 12(5.9) 5(9.8) Yes 6(29) 0(0)
Hispanic 12(59) 4(78) Diabetes
Asian or Pacific Islander 3(1.5) 3(59) without chronic complications 0.341
Native American 1(05) 000 No 163 (79.9) 37 (72.5)
Other 4(2) 0(0) Yes 41 (20.1) 14 (27.5)
Household income, n (%) 0875 with chronic complications 0.765
Above_median 97 (47.5) 23 (45.1) No 170 (83.3) 44 (86.3)
Below_median 107 (52.5) 28 (54.9) Yes 34 (16.7) 7(0137)
Fracture type, n (%) Hypertension
Femoral neck fracture 0.085 uncomplicated 0.042
No 98 (48) 32(62.7) No 134 (65.7) 25 (49)
Yes 106 (52) 19(37.3) Yes 70 (34.3) 26 (51)
Intertrochanteric fracture 0.026 complicated 0.330
No 102 (50) 16 (31.4) No 106 (52) 31 (60.8)
Yes 102 (50) 35 (68.6) Ves 98 (48) 20(39.2)
Surgery type, n (%) 0.132 Chronic Heart failure 0671
Hip arthroplasty 86 (42.2) 15 (29.4) No 160 (78.4) 42 (82.4)
Proximal femur fixation 118(57.8) 36 (70.6) Yes 44(21.6) 9(17.6)
Stroke type, n (%) 0.173 Chronic pulmonary disease 0.142
Anterior circulation infarction 41(20.1) 14 (27.5) No 169 (82.8) 37(72.5)
Posterior circulation infarction 12 (5.9) 4(7.8) Yes 35(17.2) 14 (27.5)
Cerebellar artery infarction 6(2.9) 4(7.8) Chronic kidney disease 0919
Other or unspecified infarction 145 (71.1) 29 (56.9) No 140 (68.6) 36 (70.6)
Long term (current) use of anti- 0.968 Yes 64 (314) 15 (29.4)
thrombotics, n (%) Peripheral vascular disease 0334
No 167 (81.9) 41(804) No 180 (88.2) 48 (94.1)
Yes 37(18.1) 10 (19.6) Yes 24(11.8) 3(5.9)
Elixhauser Score, (mean £ SD) 30£15 31+14 0.593 Hypothyroidism 1.000
Elixhauser Score >3, n (%) 0.820 No 166 (81.4) 42 (82.4)
No 74(363) 20(392) Yes 38 (186) 9(17.6)
Yes 130 (63.7) 31(608) Other thyroid disorders 0.705
Comorbidities, n (%) No 200 (98) 51(100)
Obesity 0318 Yes 4Q) 0(0)
No 194(95.1)  46(90.2) Leukemia 1.000
Yes 10 (4.9) 508) No 203 (99.5) 51(100)
Alcohol abuse 1.000 Yes 1(0.5) 0(0)
No 198(971)  49(%.1) Lymphoma 1.000
Yes 629 239 No 204 (100) 51 (100)
Drug abuse 1.000 Yes 0(0) 0(0)
No 203 (99.5) >1(100) Metastatic cancer 0799
Yes 1(0.5) 0(0) No 196 (96.1) 50 (98)
Dementia 0224 Yes 8(3.9) 1)
No 137(67.2) 29 (56.9) Solid tumor without metastasis, 1.000
Yes 67 (328) 22(43.1) in situ

Depression 1.000 No 204 (100) 51(100)
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Table 1 (continued)

Non-Stroke  Stroke Re- P-
Recurrence  currence  val-
(N=204) (N=51) ue
Yes 0(0) 0(0)
Solid tumor without metastasis, 0.572
malignant
No 199 (97.5) 51 (100)
Yes 5(2.5) 0(0)
Post-operative complications, n
(%)
Deep Vein Thrombosis 1.000
No 202 (99) 51 (100)
Yes 2(1) 0(0)
Pulmonary embolism 1.000
No 198 (97.1) 50 (98)
Yes 6(2.9) 1)
Pneumonia 0.014
No 192 (94.1) 42 (82.4)
Yes 12(5.9) 9(17.6)
Respiratory failure 0475
No 156 (76.5) 42 (82.4)
Yes 48(23.5) 9(17.6)
Acute heart failure 0318
No 194 (95.1) 46 (90.2)
Yes 10 (4.9) 5(9.8)
Myocardial infarction 0.877
No 184 (90.2) 45 (88.2)
Yes 20(9.8) 6(11.8)
Cardiac dysrhythmias 0.679
No 119 (58.3) 32(62.7)
Yes 85 (41.7) 19 (37.3)
Acute renal failure 0.814
No 138 (67.6) 36 (70.6)
Yes 66 (32.4) 15 (29.4)
Urinary tract infection 0.135
No 159 (77.9) 34 (66.7)
Yes 45 (22.1) 17 (33.3)
Electrolyte disorders 0.925
No 112 (54.9) 27 (52.9)
Yes 92 (45.1) 24(47.0)
Sepsis 0459
No 189 (92.6) 45 (88.2)
Yes 15(7.4) 6(11.8)

Abbreviations SD, standard deviation; AIDS, acquired immune deficiency
syndrome

Christiansen et.al [15] showed that the incidence of peri-
operative stroke in patients with preoperative stroke
undergoing noncardiac and nonvascular surgery within
three months was 9.9%. This result is higher than ours,
probably because no subgroup analysis of surgery was
performed. Lamo-Espinosa et al. [22] reported that the
overall incidence of stroke in patients with hip fracture
was 6.72%, which is close to our results. However, it is
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not targeted at the perioperative period and patients with
previous stroke. Our study adds further insight into the
incidence of perioperative stroke recurrence in hip frac-
ture patients with previous stroke. We reported an inci-
dence rate of 5.7%. With reference to previous studies,
the incidence rate is still relatively high. Elderly patients
with hip fractures are in a hypercoagulable state due to
traumatic stress as well as changes in relation to hemo-
dynamics and composition due to fracture, pain, and
blood loss [23]. Moreover, patients with stroke often have
hypertension, diabetes, heart disease, hyperlipidemia,
and other medical diseases. When hip fracture coex-
ists with previous stroke, the risk of stroke recurrence
increases; therefore, sufficient attention should be paid
to prevent recurrent stroke in these patients during the
perioperative period.

In this study, we found that intertrochanteric fractures
were associated with a 2.2-fold increased risk of recur-
rent stroke (OR 2.24, 95% CI 1.14-4.57; p=0.021). Exces-
sive blood loss may be a critical pathophysiological factor
underlying the high risk of stroke recurrence in intertro-
chanteric fractures. It has been reported that extracap-
sular hip fractures are associated with significantly more
preoperative blood loss and transfusions compared to
their intracapsular counterparts [24]. Although proximal
femoral nail fixation is minimally invasive technique for
treating intertrochanteric fractures, it can cause greater
blood loss (up to 2100 mL) than expected [25, 26].
Additionally, low albumin level has been identified as a
risk factor for stroke following hip fractures [22]. Dur-
ing a stroke, the autoregulation of cerebral blood flow is
impaired, which may take one-to-two weeks, or even lon-
ger than a month, to recover [27]. During this period, the
cerebral blood supply relies heavily on the maintenance
of cerebral perfusion pressure, which is vulnerable to
anesthesia and trauma. Perioperative blood loss in inter-
trochanteric fractures may cause hemodynamic instabil-
ity and affect cerebral perfusion, thereby increasing the
risk of stroke recurrence. Adequate systemic support
might help in reducing the recurrence of stroke.

Stroke patients generally require secondary prevention
with antithrombotic drugs. A large proportion of these
patients are already receiving antithrombotic therapy
before sustaining a hip fracture. However, antithrom-
botic therapy may be discontinued due to concerns about
serious perioperative bleeding and higher transfusion
demands associated with intertrochanteric fractures.
This discontinuation may be another factor that increases
the risk of stroke recurrence. This study found no sig-
nificant association between long-term use of antithrom-
botic therapy and stroke recurrence. Unfortunately, the
NIS database lacks detailed information on antithrom-
botic therapy, such as the timing and specific drugs
used postoperatively. A previous study has identified the
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Table 2 Influential factors of perioperative recurrent stroke by
multivariate logistic analysis

Crude OR P Adjusted OR P
(95% ClI) value (95% Cl) value

Pneumonia 554 0.005 435(159-11.82) 0.004
(1.66-18.49)

Hypertension 351 0042 249(1.26-502)  0.009
(1.04-11.76)

Intertrochanteric  7.25 0060 224 (1.14-4.57) 0.021

fracture (0.92-57.42)

Acute heart 3.55 0.082 2.73(0.74-9.13) 011

failure (0.85-14.80)

Urinary tract 1.87 (0.85-4.16) 0.122  1.88(0.92-3.80) 0.080

infection

Abbreviations Cl, confidence interval; OR, odds ratio

discontinuation of antiplatelet (P=0.004) as a significant
risk factor for perioperative stroke [11]. Additionally, evi-
dence suggests that continuing anticoagulant treatment
in intertrochanteric fracture patients does not increase
perioperative blood loss [26]. Therefore, for patients
with hip fracture and stroke, continuing antithrombotic
therapy perioperatively remains critical to prevent stroke
recurrence after carefully weighing the risk of bleeding.
The timing of surgery may be another critical factor
influencing stroke recurrence. Current guidelines recom-
mend that hip fractures be classified as emergencies [28],
and anticoagulation therapy or manageable medical con-
ditions should not justify delaying surgery [29, 30]. How-
ever, early surgery may also increase the risk of stroke
recurrence and mortality [16], as cerebrovascular auto-
regulation may not yet be fully restored post-stroke [27].
Guidelines suggest that elective surgery for patients with
concomitant stroke should be postponed for 3—6 months
or longer [13, 14, 16]. Despite these recommendations,
there are currently no clear guidelines on whether and
when to perform surgical hip repair in patients with acute
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stroke and hip fracture, and the relevant literature is lim-
ited. A 2017 study by Christiansen et al. [15] analyzed
the risk of cardiovascular adverse events and mortality
following non-cardiac, non-neurological emergency sur-
gery at different times post-stroke. The study indicated
that, compared to early surgery (performed 4-14 days
post-stroke, 93 cases), patients who underwent immedi-
ate surgery (performed 1-3 days post-stroke, 69 cases)
had a significantly lower risk of major adverse cardiovas-
cular events within 30 days (P=0.029), with no difference
in 30-day all-cause mortality (P=0.678). One case report
described early closed reduction and internal fixation
treatment for an intertrochanteric fracture with hemiple-
gia 30 days after acute stroke. At the 2-year follow-up, the
patient had regained basic functional capacity, the frac-
ture had healed well, and the Harris Hip Score was 75
[31]. In the absence of consistent guidelines, for patients
with acute stroke and intertrochanteric fractures, the
risks and benefits should be carefully weighed to develop
individualized treatment strategies, including the surgical
approach and timing.

Hypertension is an important risk factor for stroke.
Consistent with our results, Mashour et al. [5] found that
hypertension was an independent predictor of periop-
erative stroke (OR 3.8, 95% CI 3.1-4.7). Another study
showed that elderly patients with acute ischemic stroke
after hip fracture experienced hypertension more fre-
quently (73.3%), which was associated with an increased
risk of acute ischemic stroke after hip fracture (OR 2.8,
95% CI 1.6-5.1) [32]. The Perindopril Protection Against
Recurrent Stroke Study (PROGRESS) results revealed
that pharmaceutical antihypertensive therapies could
reduce the risk of stroke in hypertensive individuals
with a history of stroke [33]. A 2018 meta-analysis of
eight trials showed that pharmaceutical antihypertensive
therapies could reduce the stroke recurrence rate (8.7%

Multivariate logistic regression

OR 95% ClI p-value
Pneumonia — 435 [1.59-11.82] 0.0037
Acute heart failure L 273 [0.74-9.13] 0.1113
Hypertension —— 249 [1.26-5.02] 0.0091
Intertrochanteric fracture —a— 224  [1.14-4.57] 0.0214
Urinary tract infection L] 1.88 [0.92-3.80] 0.0798

[ [ I

0.5 20 5.0

1
20.0

Fig. 2 Forest map of multivariate logistic analysis of influencing factors for perioperative recurrent stroke
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vs. 10.1%) [34]. Regarding blood pressure targets, some
studies have shown that intensive blood pressure reduc-
tion (systolic blood pressure target, <110-130 mmHg)
in elderly patients with hypertension can reduce the risk
of stroke by 33% compared with standard blood pres-
sure reduction (systolic blood pressure target, <130-150
mmHg) [35]. Therefore, for patients with stroke and con-
comitant hypertension, appropriate antihypertensive
treatment is necessary to control blood pressure within
the ideal range and reduce the incidence of perioperative
stroke.

In addition, we found that postoperative pneumonia
was associated with stroke recurrence. Several stud-
ies have provided evidence that systemic infections may
trigger or induce acute stroke [36]. A recent large pro-
spective study in the United Kingdom found an increase
in the risk of stroke in the days following acute upper
respiratory or urinary tract infection [37]. Boehme et al.
[38] reported that sepsis is significantly associated with
an increased risk of ischemic stroke (OR 28.4, 95% CI
20.0-40.1) and hemorrhagic stroke (OR 12.1, 95% CI
7.5-19.4) within 15 days. Infection-induced inflamma-
tion and thrombosis may be the mechanisms underly-
ing the increased stroke risk. However, the relationship
between infections and stroke is bidirectional. Infec-
tions can cause strokes; however, strokes also induce
immunosuppression, which then increases the risk of
infection [39]. It is estimated that approximately one-
third of patients with acute stroke develop pneumonia
[40]. Stroke-induced immunosuppression predisposes
patients to opportunistic infections, potentially leading
to pneumonia or urinary tract infections and worsened
stroke outcomes [39]. Thus, recognizing the possibility
that pneumonia increases the risk of perioperative stroke
recurrence and that stroke induces pneumonia is critical.

Therefore, it is crucial to develop targeted prevention
strategies based on existing evidence to prevent stroke
recurrence. First, patients with hip fractures, especially
those with intertrochanteric fractures, should receive
comprehensive systemic support when necessary. This
may include blood transfusions, albumin infusion, and
fluid support to ensure adequate cerebral perfusion.
Second, perioperative blood pressure management is
essential, particularly for patients with a history of hyper-
tension. Individualized blood pressure targets should be
established based on the patient’s specific conditions.
Third, proactive infection prevention is necessary, espe-
cially for preventing pulmonary infections. Bedridden
patients should be regularly repositioned, engaged in
appropriate passive activities, and receive chest phys-
iotherapy to facilitate sputum clearance. If an infection
occurs, effective antibiotic treatment should be promptly
administered.
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The strength of this study was its identification of pre-
operative stroke and perioperative stroke recurrence
using ICD-10 coding, which made it possible to report
outcomes in relation to perioperative stroke recurrence
in elderly patients with hip fracture and preoperative
stroke, which have rarely been previously reported. In
addition, the NIS database involves a large number of
patients and uses a multicenter sampling method, mean-
ing that the data are likely to be representative of com-
mon practice across the country. However, this study had
some limitations. First, owing to the lack of certain intra-
operative and postoperative indicators, we were unable
to investigate the effects of anesthesia methods, bleeding
volume, intraoperative blood pressure, surgical time, and
postoperative anticoagulation therapy on stroke recur-
rence. Second, the incomplete information on stroke
types and the lack of data concerning stroke times meant
that the association between preoperative stroke sub-
types and stroke recurrence could not be determined.
Third, as the timing of pneumonia was not recorded, we
were unable to determine if pneumonia is a risk factor for
stroke recurrence or is a consequence of stroke itself.

Conclusions

The perioperative stroke recurrence rate in elderly hip
fracture patients with previous stroke was 5.7%. Inter-
trochanteric fracture, hypertension, and postoperative
pneumonia were identified as factors significantly asso-
ciated with stroke recurrence in this study. Adequate
systemic support post-fracture, effective blood pressure
management, and proactive infection prevention may
help reduce stroke recurrence, especially in patients with
intertrochanteric fractures.
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