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Purpose: Respiratory complication is one of the major challenges in the treatment of older
adults with hip fractures. However, no study so far has investigated the effect of wearing
medical masks on the prevention of perioperative respiratory complications in these patients.
Patients and Methods: In this retrospective cohort study, 1016 consecutive patients aged >65
years with hip fractures were included and assigned to two groups: the control group and the
observation group. The two groups received the same perioperative management modalities. In
addition, patients in the observation group were asked to wear medical masks for protection. Data
of patients” demographics, fracture type, surgical methods, comorbidities, the incidence of perio-
perative respiratory and other complications, and hospital outcomes were collected and compared
between the two groups. Subgroup analyses were also performed stratified by fracture types.
Results: A total of 1016 patients (292 females and 724 males) with a mean age of 79.4+7.3
years were analyzed in the study, including 533 in the control group and 483 in the
observation group. The overall incidence of perioperative respiratory complication, and the
incidence of pulmonary infection, respiratory failure and arrhythmia in the observation group
were significantly lower than the control group, especially in winter and spring. There was no
difference in other complications, hospital length of stay, and total hospital costs. Further
subgroup analyses showed that the incidence of heart failure and arrhythmia in the observa-
tion group was lower than that in the control group for patients with femoral neck fractures,
which was different from patients with intertrochanteric fractures.

Conclusion: The incidence of perioperative respiratory complications, including pulmonary
infection and respiratory failure, could be reduced in older adults with hip fractures by
strengthening personal protection, including wearing medical masks, especially in winter and
spring. Wearing medical masks could also effectively reduce the incidence of perioperative
heart failure and arrhythmia in femoral neck fracture patients and do not increase the
incidence of other complications and the burden of hospitalization.
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Introduction

As a common disease, hip fracture seriously affects both the physical and mental
health of the elderly. Nowadays, surgery is the preferred treatment for older adults
with hip fractures.' ™ However, the older adults are prone to severe traumatic stress
response after the initial fracture, with increased bed rest and limited activity
simultaneously.” During this period, respiratory muscle weakness and changes in
depth of breathing impair the cough capacity of elderly patients.® Both immune and
pulmonary functions decline with advancing age.”® These eventually lead to
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retention of airway secretion, and the occurrence of
respiratory complications, such as pulmonary infection
and respiratory failure, affecting both patients’ surgical
planning and prognosis.® In addition, inappropriate perio-
perative management will not only affect the fracture
recovery but easily induce multisystem complications,
resulting in various organ failures, as well as increasing
the risk of death.”"!

Masks, which are the important personal protective
equipment, prevent the spread of respiratory
infections.'*'® In recent years, multiple studies have
demonstrated this.'*'> MacIntyre et al reported that com-
pared with the no-mask group, the incidence of clinical
respiratory illness was significantly lower in the mask
group.'® A systematic review suggested evidence on
mask effectiveness for respiratory infection prevention
was stronger in health care than in community settings.'’

Therefore, the management of the respiratory system
and personal protection are of great interest in preventing
perioperative respiratory and other multisystem complica-
tions. Our hospital has a specialist ward for geriatric
orthopedics, providing 24/7/365 geriatric support. Since
2019, we have conducted an integrated management bun-
dle, which includes respiratory management. Since 2020,
we have introduced a strict screening system for the hos-
pitalized patients. After admission, we remind both inpa-
tients and accompanying persons to strengthen personal
protection by wearing medical masks, for the reason that
medical masks can effectively filter bacteria in the air and
block droplets, pollen, or dust.'®

We aimed to investigate the effect of wearing medical
masks on the prevention of perioperative respiratory as
well as other multisystem complications in older adults
with hip fractures. We hypothesized that wearing medical
masks could reduce the incidence of perioperative respira-
tory complications without increasing the incidence of
other complications and the burden of hospitalization.

Patients and Methods

Patients and Groups

The study population consisted of all patients aged 65
years or older presenting with hip fractures at a single
Level I trauma center in China between Jan. 2019 and
Jan. 2021. This study was overseen and approved by the
institutional review board of our hospital in compliance
with Helsinki's declaration, and an exemption from the
informed consent was obtained. We included patients

with age 65 years or older, with a definite diagnosis of
hip fracture, without respiratory complications at the time
of admission, and those who received surgical treatment.
Patients with multiple fractures or injuries, and with patho-
logical or open fractures, were excluded. Patients were
retrospectively assigned to two groups: those admitted
from Jan. 2019 to Jan. 2020 were placed in the control
group; those admitted from Jan. 2020 to Jan. 2021 were
placed in the observation group.

In subgroup analyses, patients were initially stratified
by fracture type, including femoral neck fracture and inter-
trochanteric fracture. Based on the different perioperative
management modalities applied, the patients of different
fracture types were further assigned to observation group
and control group.

Perioperative Management

Our hospital has a specialist ward for geriatric orthopedics,
providing 24/7 geriatric support, including national holi-
days. The ward patients are assessed daily by at least two
orthopedists who lead a multidisciplinary team, including
an internal medicine consultant who is available to review
perioperative care for patients with comorbidities, in coop-
eration with an anesthetic consultant.

The control group and the observation group were both
treated with an integrated management bundle, including
monitoring, evaluation and education, respiratory manage-
ment, volume management, nutritional support, blood and
thrombosis management, sedation, analgesia and education,
and tube management.'®?° After admission, patients were
first subjected to a comprehensive geriatric assessment to
detect the potential risks, and appropriate health education
for patients and their family members was adopted.

Respiratory management was listed as the following:
High-risk factors of developing respiratory complications
included age (>65 years), smoking history (smoking index
>400), bronchial hyperreactivity, airway bacterial coloniza-
tion and others. Guidelines recommend that patients with
high-risk factors should receive nebulized treatment to pre-
vent bronchospasm reducing airway inflammation.?' In this
study, patients had more than one high-risk factor. They were
treated with nebulization of salbutamol sulfate, ipratropium
bromide, and budesonide twice a day, and encouraged to
perform respiratory function exercise regularly, such as
coughing every hour. The caregivers were also informed to
turn over the backs of the patients every two hours. The
purpose of perioperative rehydration was to ensure the
body fluid balance as much as possible. Patients were
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assessed for nutrition status with the NRS2002 nutrition
screening score, and nutritional support was provided
accordingly. In addition, patients were encouraged to eat
preferentially by mouth, and if nutrient intake was insuffi-
cient, a gastric tube used for nasogastric feeding might help
to avoid electrolyte imbalance. Routine blood test deserved
close attention for ensuring the hemoglobin that should not
be less than 10 g/dL. We suggested both pharmacologic
thromboprophylaxis and mechanical thromboprophylaxis.
For perioperative agitation and delirium, attempts should be
made to identify and relieve the likely causative triggers,
beyond just those drug treatments.

In addition to the above, patients in the observation
group were asked to take enhanced personal protective
measures, such as paying attention to hand hygiene and
wearing medical masks. After admission, the patient was
questioned and examined in detail, and ancillary tests were
done to exclude novel coronavirus pneumonia. The pre-
cautions regarding wearing medical masks included dis-
tinguishing and avoiding touching the inside of the mask,
pressing the nasal clips with both hands along the nasal
bridge to ensure the mask fitted the face perfectly, and
washing hands after removing the mask. Medical masks
were suggested regular changing and replaced immedi-
ately if they were contaminated by body fluids or blood.

Data Collection

Demographics and clinical data of the patients including
gender, age, fracture type, surgical methods, and comor-
bidities were collected. Outcomes including complica-
tions, seasonal distribution of perioperative respiratory
complications, hospital length of stay, and total hospital
costs were also collected. Based on age in the ten-year
intervals, patients were divided into three groups: 65-74
years, 75-84 years, and age >85 years.

Statistical Analysis

We performed a power analysis for the statistics. A two-
sided 5% significance level and 80% power were consid-
ered as reliable and significant. The sample size and power
analysis have been computed using NCSS-PASS V11.0.7
software (https://www.ncss.com/software/pass/). The dis-

tributions of all variables were evaluated for normality by
using the Kolmogorov—Smirnov test. Data satisfying nor-
mality were presented as mean + standard deviation.
Count data were expressed in percentages (%). t-test for
independent samples was used when comparing normally
distributed continuous variables. Pearson’s chi-square test

or Fisher’s exact test was used for dichotomous data. All
data analyses were performed using IBM SPSS Statistics
for Windows, version 26.0 (IBM, Armonk, NY, USA). The
level of significance was set at P < 0.05.

Results
Baseline Characteristics of Study

Participants

A total of 1016 patients with a mean age of 79.4+7.3 years
were analyzed in the study. The control group included
157 males and 376 females with a mean age of 79.3+7.4
years. The observation group included 135 males and 348
females with a mean age of 79.5+7.1 years. There was no
significant difference in terms of gender, age, fracture
type, surgical methods, and comorbidities between the
two groups (Table 1, P > 0.05).

Comparison of Perioperative

Complications and Hospital Outcomes
Table 2 shows that the overall incidence of respiratory com-
plications, the incidence of pulmonary infection and respira-
tory failure were significantly lower in the observation group
than that in the control group (all P < 0.05). In terms of
seasonal distribution, the incidence of respiratory complica-
tions in winter and spring accounted for 29.3% and 29.1%,
respectively, in the observation group, which was lower than
the control group (44.1% and 42.3%, respectively, P < 0.05).
Seasonal distribution for the incidence of respiratory compli-
cations in summer and autumn, hospital outcomes including
LOS and THC, and incidence of other complications except
for arrhythmia were not significantly different between the two
groups (Table 2 and Figure 1).

Subgroup Analysis Stratified by Fracture
Type

There was no significant difference presented between and
control groups in terms of characteristics at baseline in either
patients with femoral neck fractures or those with intertro-
chanteric fractures (all P > 0.05, Table 3). When only
patients with femoral neck fractures were analyzed, the
incidence of complications in the observation group, includ-
ing respiratory system, pulmonary infection, respiratory fail-
ure, heart failure and arrhythmia, were significantly lower
than the control group (all P < 0.05). However, only the
overall incidence of respiratory complications and the inci-
dence of pulmonary infection were statistically different

Clinical Interventions in Aging 2021:16

1969

Dove:


https://www.ncss.com/software/pass/
https://www.dovepress.com
https://www.dovepress.com

Fu et al

Dove

Table | Comparisons of Patient Demographics and Comorbidities Between Two Groups

Total Observation Control 1t P
Age, mean * SD (years) 79.4+7.3 79.57.1 79.37.4 —0.341 0.733
Females, n (%) 724 (71.3) 348 (72.0) 376 (70.5) 0.280 0.596
Distribution of age group, n (%)
65-74 years 292 (28.7) 138 (28.6) 154 (28.9) 0.277 0.871
75-84 years 454 (44.7) 213 (44.1) 24| (45.2)
= 85 years 270 (26.6) 132 (27.3) 138 (25.9)
Fracture types, n (%)
Femoral neck fractures 478 (47.0) 226 (46.8) 252 (47.3) 0.024 0.876
Intertrochanteric fractures 538 (53.0) 257 (53.2) 281 (52.7)
Surgical methods, n (%)
Avrtificial joint replacement 439 (43.2) 210 (43.5) 229 (43.0) 0.027 0.869
Closed reduction and internal fixation 577 (56.8) 273 (56.5) 304 (57.0)
Comorbidities, n (%)
Hypertension 409 (40.3) 191 (41.9) 218 (47.2) 0.688 0.407
Coronary heart disease 284 (28.0) 129 (26.7) 155 (29.1) 0.708 0.400
Cerebrovascular disease 429 (42.2) 214 (44.3) 215 (40.3) 1.636 0.201
Diabetes 217 (21.4) 100 (20.7) 117 (22.0) 0.235 0.628
Notes: Values are presented as the number (%). Plus—minus values of age is means+SD.
Table 2 Comparisons of Patient Perioperative Complications and Hospital Outcomes Between Two Groups
Complications Total Observation Control xz P
Respiratory complications, n (%)
Overall incidence 344 (33.9) 142 (29.4) 202 (41.8) 8.173 0.004*
Pulmonary infection 307 (30.2) 125 (25.9) 182 (37.7) 0.211 0.004*
Respiratory failure 122 (12.0) 46 (9.5) 76 (14.3) 5.377 0.020*
Other complications, n (%)
Heart failure 378 (37.2) 178 (36.9) 200 (37.5) 3.237 0.846
Arhythmia 280 (27.6) 118 (24.4) 162 (30.4) 4513 0.034*
Deep venous thrombosis of the lower limbs 485 (47.8) 242 (50.1) 243 (45.6) 2.068 0.150
Anemia 723 (71.2) 356 (73.7) 367 (68.9) 2.905 0.088
Low protein 605 (59.5) 284 (58.8) 321 (60.2) 0.214 0.644
Electrolyte disturbances 586 (57.7) 270 (55.9) 316 (59.3) 1.190 0.275
Hospital outcomes, n (%)
Length of hospital stay 13.0£5.0 13.2+4.9 12.8+5.2 —1.250 0.212
Total hospital costs 6.7+1.9 6.7%1.7 6.7£2.1 0.084 0.933

Notes: Plus—minus values are means+SD. In number of respiratory complications and other complications, values are presented as the number (%). *P < 0.05, statistical

significance.

between the two groups for intertrochanteric fracture patients
(all P <0.05). These differences are summarized in Table 4.

Discussion

In this retrospective cohort study, we analyzed the effect of
wearing medical masks on perioperative respiratory com-
plications and other complications in older adults with hip

fractures. Our results show that the overall incidence of
perioperative respiratory complication, and the incidence
of pulmonary infection, respiratory failure and arrhythmia
in the observation group were significantly lower than the
control group, especially in winter and spring. There was
no difference in other complications, hospital length of
stay, and total hospital costs. Further subgroup analyses
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Figure | Seasonal distribution of respiratory complications between control and observation groups.

showed the incidence of heart failure and arrhythmia in the Pulmonary infection is one of the most common peri-

observation group was lower than in the control group for  operative complications in older adults with hip fractures.
patients with femoral neck fractures, which was different =~ According to the lung initiation doctrine in multi-organ

from patients with intertrochanteric fractures. failure, perioperative pulmonary infection is more prone to

Table 3 Patient Demographics and Comorbidities Stratified by Fracture Types

Femoral Neck Fractures Intertrochanteric Fractures
Observation Control P Observation Control P
Age, mean * SD (years) 78.07.1 78.3+7.3 0.703 80.7+6.9 80.2+7.3 0.419
Females, n (%) 160 (70.8) 173 (68.7) 0.610 188 (73.2) 203 (72.2) 0.8I3
Distribution of age group, n (%)
65-74 years 85 (37.6) 85 (33.7) 0.562 53 (20.6) 69 (24.6) 0.295
75-84 years 95 (42.0) 107 (42.5) 118 (45.9) 134 (47.7)
2 85 years 46 (20.4) 60 (23.8) 86 (33.5) 78 (27.7)
Surgical methods, n (%)
Artificial hip joint replacement 222 (88.1) 207 (91.6) 0.208 3(1.2) 7 (2.5) 0414
Closed reduction and internal 30 (11.9) 19 (8.4) 254 (98.8) 274 (97.5)
fixation
Comorbidities, n (%)
Hypertension 97 (42.9) 110 (43.7) 0.872 108 (42.0) 130 (46.3) 0.323
Coronary heart disease 63 (27.9) 68 (27.0) 0.827 66 (25.7) 87 (31.0) 0.175
Cerebrovascular disease 92 (40.7) 94 (37.3) 0.446 122 (47.5) 121 (43.1) 0.305
Diabetes 39 (17.3) 49 (19.4) 0.538 61 (23.7) 68 (24.2) 0.900

Notes: Plus—minus values are means+SD. In number of females, distribution of age group, surgical methods, and comorbidities, values are presented as the number (%).
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Table 4 Patient Perioperative Complications and Hospital Outcomes Stratified by Fracture Types

Femoral Neck Fractures Intertrochanteric Fractures
Observation Control P Observation Control P

Respiratory complications, n (%)

Overall incidence 65 (28.8) 95 (37.7) 0.039* 77 (30.0) 107 (38.1) 0.047%*

Pulmonary infection 57 (25.2) 85 (33.7) 0.042* 68 (26.5) 97 (34.5) 0.043*

Respiratory failure 16 (7.1) 33 (13.1) 0.030* 30 (11.7) 43 (15.3) 0.219
Other complications, n (%)

Heart failure 67 (29.6) 97 (38.5) 0.042%* 111 (43.0) 103 (36.7) 0.131

Arhythmia 55 (24.3) 83 (32.9) 0.038* 63 (24.5) 79 (28.1) 0.344

Deep venous thrombosis of the 102 (45.1) 105 (41.7) 0.445 140 (54.4) 138 (49.1) 0.214

lower limbs

Anemia I51 (66.8) 158 (62.7) 0.347 205 (79.8) 209 (74.4) 0.138

Low protein 127 (56.2) 149 (59.1) 0.517 157 (61.1) 172 (61.2) 0.977

Electrolyte disturbances 135 (59.7) 150 (59.5) 0.963 135 (52.5) 166 (59.1) 0.127
Hospital outcomes, n (%)

Length of hospital stay 14.1£5.3 13.3£5.1 0.075 12.4+4.3 12.4+5.2 0.999

Total hospital costs 7.2+1.8 7.1%2.0 0.751 6.3x1.6 6.4+2.0 0.693

Notes: Plus—minus values are meansSD. In number of respiratory complications
significance.

cause respiratory failure, eventually leading to the failure
of a variety of other organs. It can be explained in several
aspects. First, pulmonary functions are changed with
advancing age, including decreased lung compliance,
atrophic of respiratory mucosa, diminished ciliary move-
ment and decrements in lung volumes and respiratory
rates. The changes make the respiratory tract less defen-
sive and less resilient to the external environment, even-
tually creating conditions for the invasion of pathogenic
microorganisms.”> > Second, large amounts of catechola-
mines are released under the influence of traumatic

stlress,%*3 0

causing the patient in a state of hypermetabo-
lism with oxygen consumption increased. Third, the
induced immune-inflammatory response may lead to mito-
chondrial functional impairment.*'~? As a result, there
appear oxygen utilization disorders, which can further
cause intracellular hypoxia. Together with the immune
dysfunction, it is more likely to cause lung infection and
respiratory failure in the patients.

Our results indicated that the underlying post-trauma
acute lung inflammation and injury seemed to be attenu-
ated by respiratory management, which avoided poor spu-
tum drainage and improves lung ventilatory function. It
has been widely known that ciliary motility at the bron-
chial mucosal surface can clear pathogenic bacteria, and
the alveolar macrophages can phagocytose and kill patho-

genic bacteria to maintain lung immune homeostasis.**~*

and other complications, values are presented as the number (%). *P < 0.05, statistical

The seasonal variations in winter and spring easily lead to
the dysfunctional respiratory system and reduced respira-
tory defense, and the various kinds of bacteria or viruses
are more likely to invade the human respiratory system,
eventually inducing lung infection, respiratory failure, and
other diseases.®>>” Strengthening personal protection by
wearing a mask is an important means to slow down the
spread of bacteria and viruses, and to reduce the chance of
cross-infection in populations.*®** This may explain the
results we obtained of seasonal differences.

The incidence of perioperative arrhythmia was signifi-
cantly lower in the observation group. This result might be
associated with a reduced incidence of pulmonary infec-
tion. Once pulmonary infection occurs, myocardial oxygen
demand increases due to infection and fever, and oxygena-
tion of the blood decreases caused by ventilation-perfusion
mismatch, inducing myocardial suppression, eventually
leading to arrhythmia.*® Fluoroquinolones and macrolides

''In

may increase the risk of ventricular arrhythmias.*
addition, pulmonary hypoxia may excite the sympatho-
adrenomedullary system to release hormones, which
could act directly on cardiomyocytes and then cause
arrhythmia.*

In addition, total hospital costs and length of stay were
not increased in the observation group, even with a strict
screening system. We speculate that it may be related to

the following reasons. The pulmonary infections are
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effectively prevented by strengthened personal protection.
The surgical delay, extension of the postoperative recovery
cycle and the cost of treatment such as antibiotics are
further avoided. Moreover, it also avoids the aggravation
of the patient’s condition and the occurrence of other
complications, reducing the risk of ICU transfer.

Our subgroup analyses demonstrated that for patients
with femoral neck fractures, the incidence of heart failure
and arrhythmia in the observation group was lower than that
in the control group, which was not found in patients with
intertrochanteric fractures. The possible cause of the differ-
ence is that intertrochanteric fractures tend to receive greater
violence and be more serious than femoral neck fractures,
which are manifested in abundant local blood supply,

. . . . 43-4
obvious swelling, ecchymosis, and severe pain.***

Limitations

There were several limitations of this study. First, it was
a single-center, retrospective cohort study and the intrinsic
limitation of design seemed to be inescapable. Second, the
limited statistical power concerning complications in this
study implied that the results should be interpreted with
caution. In addition, the information about calcium and
vitamin D and the use of medications that can affect
vitamin D metabolism were not recorded.

Conclusions

The incidence of respiratory complications including perio-
perative pulmonary infection and respiratory failure can be
reduced in older adults with hip fractures by strengthening
personal protection by wearing medical masks, especially in
winter and spring. Wearing medical masks can also effectively
reduce the incidence of perioperative heart failure and arrhyth-
mia in femoral neck fracture patients and do not increase other
complications rates and the burden of hospitalization.
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