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Background: Femoral fracture repair surgery under general anesthesia is associated with postop-
erative pulmonary complications (PPCs). However, information on PPCs caused by residual neuro-
muscular blockade following perioperative use of neuromuscular blockers is limited. This study 
aimed to identify the differences in the incidence of PPCs according to the type of neuromuscular 
blockade reversal agent used in femoral fracture repair surgery, as well as the risk factors for 
PPCs. Methods: We retrospectively analyzed the electronic medical records of 604 patients aged 
>18 years who underwent general anesthesia for femoral fracture repair surgery at a single uni-
versity hospital between March 2017 and March 2022. Patients in whom sugammadex or anti-
cholinesterase was used to reverse the neuromuscular block were subjected to propensity score 
matching. Multivariate logistic regression analysis was performed to identify risk factors for PPCs. 
Results: Among the 604 patients, 108 were matched in each group. The incidence rates of PPCs 
overall and in the anticholinesterase and sugammadex groups were 7.0%, 8.3%, and 5.6%, re-
spectively, with no significant differences between the groups. Older age, higher ASA (American 
Society of Anesthesiologists) physical status, and lower preoperative oxygen saturation were risk 
factors, whereas emergency surgery was a preventive factor. Conclusions: Our results demon-
strated that the incidence of PPC did not differ significantly between sugammadex and anticho-
linesterase in patients undergoing femur fracture repair under general anesthesia. Identifying the 
risk factors and confirming complete recovery from neuromuscular blockade might be more im-
portant. 
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INTRODUCTION 

Femur fracture repair surgeries have an increased risk of postopera-
tive pulmonary complications (PPCs), which occur in 4.1%–40% 
of cases, depending on the definition of PPCs.1,2) Although the 
overall mortality rates when surgery is performed under general or 
spinal anesthesia are similar, spinal anesthesia is preferred, given 
the stability of respiratory function postoperatively.3,4) However, in 

situations where spinal anesthesia cannot be performed, such as 
coagulopathy, puncture site infection, or uncooperative patients, 
general anesthesia is a main anesthetic method used in femoral 
fracture surgery. Therefore, it is important to understand the inci-
dence of PPCs and related risk factors during general anesthesia 
for femoral fracture surgery.5,6) 

One of the most important elements of general anesthesia is the 
use of neuromuscular blockers. A neuromuscular blockade reduc-
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es intraoperative movement and facilitates surgery. However, resid-
ual neuromuscular blockade is a well-known risk factor for anes-
thesia-related PPCs.7) Two major drugs contribute to recovery 
from neuromuscular blockade: anticholinesterase, a competitive 
inhibitor, and sugammadex, a direct inhibitor. Traditionally, anti-
cholinesterases competitively interfere with neuromuscular block-
ers. However, they have a ceiling effect that is ineffective above a 
specific dose, do not reverse deep neuromuscular blockade, and 
increase PPCs dose-dependently.8) 

Sugammadex has also recently been used. It can directly reverse 
all stages of neuromuscular block, regardless of the depth of the 
neuromuscular block. However, it is only effective for a specific 
class of neuromuscular blockers.9) Various studies have compared 
these two drugs for residual neuromuscular block and PPCs, but 
not for femoral fracture repair surgery, which has a high incidence 
of PPCs.10,11) Therefore, the present study aimed to identify the 
differences in the incidence of PPCs according to the type of neu-
romuscular blockade reversal agent (anticholinesterase or sugam-
madex) (primary aim) and identify the risk factors for PPCs (sec-
ondary aim) in patients undergoing general anesthesia for femur 
fracture repair surgery. 

MATERIALS AND METHODS 

Study Design and Populations 
This retrospective observational study was conducted in accor-
dance with the 2013 revisions of the Declaration of Helsinki, was 
approved by the Institutional Review Board of Konyang University 
Hospital (No. KYUH 2022-04-005), and was registered with the 
Korea Clinical Research Information Service. This study followed 
the Strengthening the Reporting of Observational Studies in Epi-
demiology reporting guidelines. The requirement for informed 
consent was waived due to the retrospective nature of the study. 
Also this study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.12) 

We retrospectively reviewed the medical records of patients aged 
> 18 years who underwent femur fracture repair surgery under 
general anesthesia between March 2017 and March 2022 at our 
university hospital. We excluded patients in whom atracurium was 
used as a neuromuscular blocker, no neuromuscular block reversal 
agent was used, as well as those who underwent combined opera-
tions and with insufficient medical records. 

Femoral fractures included the femoral neck, trochanter, shaft, 
and distal femur. The types of surgeries performed were closed re-
duction, open reduction, bipolar hemiarthroplasty, and total hip 
replacement. 

Perioperative Management 
The patients arrived in the operating room without premedication 
and were monitored using electrocardiography, noninvasive blood 
pressure, pulse oximetry, neuromuscular monitoring with acceler-
omyography or electromyography, and baseline body temperature. 
All medications used during anesthesia, including induction and 
maintenance agents for anesthesia, neuromuscular blocking 
agents, and hypotensive agents or vasopressors, were selected at 
the anesthesiologist’s discretion according to each patient’s condi-
tion. 

Postoperatively, the neuromuscular blockade was reversed with 
an anticholinesterase or sugammadex at the anesthesiologist’s dis-
cretion. After emergence from anesthesia, the patients were trans-
ferred to the intensive care unit (ICU) or post-anesthetic care unit, 
depending on their condition. Patients transferred to the post-an-
esthetic care unit stayed there for at least 40 minutes. Postoperative 
management was performed for all patients according to the pro-
tocol at our institution. 

Definition and Variables 
The investigation was conducted for up to 7 days postoperatively, 
according to the following definitions. The investigator checked 
for the presence of complications based on the records of the in-
cluded patients. Complications were diagnosed postoperatively ac-
cording to the Korean Standard Classification of Diseases. PPCs 
were defined as a composite of respiratory diagnoses that shared 
common pathophysiological mechanisms, including atelectasis, 
pneumonia, acute respiratory distress syndrome, and pulmonary 
aspiration within 7 days postoperatively. Atelectasis was detected 
by computed tomography or chest radiography, and pneumonia 
was diagnosed using the US Centers for Disease Control and Pre-
vention criteria. Acute respiratory distress syndrome was diag-
nosed using the Berlin consensus definition, and pulmonary aspi-
ration was diagnosed with a clear clinical history and radiological 
evidence.13) The length of hospital stay was defined as the period 
from admission to discharge. Major adverse cardiac events includ-
ed composites of myocardial infarction, stroke, heart transplanta-
tion, heart failure, other ischemic cardiovascular events, and 
death.14) Death was defined as in-hospital death. 

The following variables were collected from the electronic med-
ical records: demographic data; preoperative status and history; 
preoperative laboratory findings; intraoperative data; and postop-
erative outcomes such as PPCs, length of hospital stay, major ad-
verse cardiac events, and deaths (Tables 1, 2). 

The primary outcome was the incidence of PPCs according to 
the type of neuromuscular blockade reversal agent used. The sec-
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Table 1. Perioperative data before and after propensity score matching between cholinesterase inhibitor and sugammadex 

Before propensity score matching After propensity score matching
Sugammadex 

(n = 496)
Anticholinesterase 

(n = 108) p-value Absolute  
SMD

Sugammadex 
(n = 108)

Anticholinesterase 
(n = 108) p-value Absolute  

SMD
Sex, male 152 (30.6) 41 (38.0) 0.173 0.151 45 (41.7) 41 (38.0) 0.677 0.076
Age (y) 79.0 (72.0–84.0) 67.0 (57.0–78.5) < 0.001 0.567 74.0 (55.5–79.0) 67.0 (57.0–78.5) 0.553 0.048
ASA physical status < 0.001 0.626 0.910 0.087
 1 3 (0.6) 3 (2.8) 3 (2.8) 3 (2.8)
 2 197 (39.7) 72 (66.7) 67 (62.0) 72 (66.7)
 3 282 (56.9) 32 (29.6) 37 (34.3) 32 (29.6)
 4 14 (2.8) 1 (0.9) 1 (0.9) 1 (0.9)
Body mass index (kg/m2) 22.0 (19.6–24.5) 22.1 (19.8–24.4) 0.673 0.071 22.1 (19.8–24.4) 22.1 (19.8–24.4) 0.801 0.068
Hypertension 320 (64.5) 61 (56.5) 0.145 0.162 56 (51.9) 61 (56.5) 0.585 0.093
Cerebrovascular disease 140 (28.2) 19 (17.6) 0.031 0.279 20 (18.5) 19 (17.6) > 0.999 0.024
Preoperative respiratory  

infection
7 (1.4) 0 (0) 0.456 0.132 0 (0) 0 (0) NA < 0.001

Preoperative anemia 204 (41.1) 39 (36.1) 0.392 0.105 38 (35.2) 39 (36.1) > 0.999 0.019
Preoperative saturation 0.054 0.279 0.943 0.035
 ≥ 96% 302 (60.9) 79 (73.1) 78 (72.2) 79 (73.1)
 91%–95% 162 (32.7) 25 (23.1) 25 (23.1) 25 (23.1)
 ≤ 90% 32 (6.5) 4 (3.7) 5 (4.6) 4 (3.7)
Smoking 0.911 0.026 0.253 0.070
 Nonsmoker 435 (87.7) 96 (88.9) 100 (92.6) 96 (88.9)
 Ex-smoker 28 (5.6) 5 (4.6) 1 (0.9) 5 (4.6)
 Current smoker 33 (6.7) 7 (6.5) 7 (6.5) 7 (6.5)
Estimated blood loss 100.0 (50.0–100.0) 100.0 (50.0–100.0) 0.669 0.050 100.0 (50.0–130.0) 100.0 (50.0–100.0) 0.302 0.028
Emergency operation 107 (21.6) 20 (18.5) 0.565 0.079 21 (19.4) 20 (18.5) > 0.999 0.024
Use of NMT 83 (16.7) 4 (3.7) 0.001 0.690 3 (2.8) 4 (3.7) > 0.999 0.049
Time to extubation from last 

NMB
71.0 (48.0–92.0) 75.5 (57.0–98.0) 0.061 0.169 75.5 (53.5–101.0) 75.5 (57.0–98.0) 0.813 0.047

Use of PEEP 365 (73.6) 73 (67.6) 0.252 0.128 75 (69.4) 73 (67.6) 0.884 0.040
Duration of anesthesia 120.0 (95.0–160.0) 135.0 (107.5–185.0) 0.002 0.282 140.0 (100.0–180.0) 135.0 (107.5–185.0) 0.850 < 0.001

Values are presented as number (%) or median (interquartile range).
ASA, American Society of Anesthesiologists; NMT, neuromuscular monitoring; NMB, neuromuscular blockade; PEEP, positive end-expiratory pressure; SMD, 
standardized mean difference.

Table 2. Postoperative outcomes with cholinesterase inhibitor and sugammadex 

Before propensity score matching After propensity score matching
Sugammadex 

(n = 496)
Anticholinesterase 

(n = 108) p-value Sugammadex 
(n = 108)

Anticholinesterase 
(n = 108) p-value

Postoperative pulmonary complication 55 (11.1) 9 (8.3) 0.502 6 (5.6) 9 (8.3) 0.592
Hospital length of stay 18.0 (14.5–24.0) 21.0 (16.0–27.0) 0.007 19.0 (14.0–27.0) 21.0 (16.0–27.0) 0.224
Major adverse cardiac event 9 (1.8) 0 (0) 0.331 0 (0) 0 (0) > 0.999
Death 8 (1.6) 0 (0) 0.387 1 (0.9) 0 (0) > 0.999

Values are presented as number (%) or median (interquartile range).

ondary outcome was the risk factor for PPCs in patients who un-
derwent femur fracture repair surgery under general anesthesia. 

Statistical Analyses 
To determine the incidence of PPCs, we divided the groups ac-
cording to the neuromuscular blockade reversal agent used 
(sugammadex or anticholinesterase). All demographic and periop-

erative data were compared between groups before and after pro-
pensity score matching. Propensity score matching was performed 
using the nearest-neighbor method with a 0.2 caliper width and a 
1:1 ratio. The following variables were used: age, sex, American 
Society of Anesthesiologists physical status (ASA PS), comorbidi-
ties, hypertension history, cerebrovascular disease history, preoper-
ative respiratory infection, preoperative anemia, preoperative pe-
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ripheral capillary oxygen saturation (SpO2), smoking history, esti-
mated blood loss, emergency operation, use of neuromuscular 
monitoring, time to extubation from the last neuromuscular 
blocking agent injection, use of positive end-expiratory pressure, 
and duration of anesthesia. 

An absolute standardized mean difference (SMD) < 0.1 indicat-
ed that both groups were well-balanced.15) Student t-test or Mann–
Whitney U test was used for continuous variables after assessing 
the data distribution using the Kolmogorov– Smirnov test. The χ2 
test for trends (linear-by-linear association) or Fisher exact test was 
used to analyze categorical variables. In these analyses, a two-sided 
p < 0.05 was considered significant.  

To identify variables associated with PPCs, univariate and multi-
variate logistic regression analyses were conducted using un-
matched and matched data, respectively. The patients were divided 
into groups based on the occurrence of PPCs. Multivariate logistic 
regression analysis using backward selection included the variables 
with p < 0.2 between the two groups (PPCs and no PPCs) in the 
univariate analysis to identify the independent risk factors of PPCs. 
The analysis was performed using unmatched and matched data. 
All statistical analyses were performed using IBM SPSS Statistics 
for Windows, version 27.0 (IBM Corp, Armonk, NY, USA) and R 
3.4.4 (www.r-project.org). 

RESULTS 

Among 637 patients aged > 18 years who underwent femoral frac-

ture repair surgery under general anesthesia, 33 were excluded be-
cause of the use of atracurium, requirement for intubation after 
surgery, or incomplete data. Thus, the analysis included 604 pa-
tients (108 in the anticholinesterase group and 496 in the sugam-
madex group). After propensity score matching, 108 patients in 
each group were matched (Fig. 1) and all covariates were balanced 
(Fig. 2). Perioperative data before and after propensity score 
matching are shown in Table 1. The absolute SMD values of all 
variables were < 0.1 after propensity score matching. 

Patients aged over 18 years undergoing general anesthesia for the surgery 
for reduction of femur fracture from March 2017 to March 2022 (n=637)

Included (n=604)

Anticholinesterase (n=108)

Anticholinesterase (n=108)

Sugammadex (n=496)

Sugammadex (n=108)

Excluded (n=33)
• Use of atracurium (n=7) 
• No reversal agent (n=21) 
• Incomplete data (n=5)

Propensity score matching (1:1 ratio)

Fig. 1. Flow chart of the study.

Hypertension
ASA physical status

 Sex (male)
 Smoking

Body mass index
 Distance

Use of NMT
Age

Time to extubation from last NMB
Use of PEEP

Preoperative saturation
 Estimated blood loss

 Cerebrovascular disease
 Emergency operation

Anemia
Duration of anesthesia

Preoperative respiratory infection

0.0 0.2 0.4 0.6 0.8

All

Matched

Absolute SMD

Fig. 2. Love plot of absolute standardized mean difference (SMD) before and after propensity score matching. ASA, American Society of Anes-
thesiologists; NMT, neuromuscular monitoring; NMB, neuromuscular blockade; PEEP, positive end-expiratory pressure.
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The postoperative outcomes are presented in Table 2. The over-
all incidence rates of PPCs before and after matching were 10.6% 
and 7.0%, respectively. The incidence rates of PPCs in the matched 
data were 8.3% and 5.6% in the anticholinesterase and sugamma-
dex groups, respectively, with no significant difference between the 
groups. The median (interquartile range) length of hospital stay 
was 21 (16–27) days and 19 (14–27) days in the anticholinester-
ase and sugammadex groups, respectively. Neither group experi-
enced major adverse cardiac events in matched data. One patient 
died in the sugammadex group. 

The perioperative data and results of the regression analysis ac-
cording to the occurrence of PPCs before and after propensity 
score matching are presented in Table 3 (univariate analysis) and 
Table 4 (odds ratio [OR] of univariate and multivariate analyses). 
In the unmatched data, the variables with p < 0.2 were age, ASA 
PS, history of hypertension, preoperative saturation, smoking, and 
emergency operation. In the matched data, the variables with 
p < 0.2 were age, ASA PS, preoperative saturation, estimated blood 
loss, and time to extubation from the last neuromuscular blocker. 

In the unmatched data, a higher ASA PS grade was an indepen-
dent risk factor for PPCs in femur fractures (adjusted OR = 2.734; 
95% confidence interval [CI], 1.61–4.631; p < 0.001), and emer-
gency surgery was a preventive factor (adjusted OR = 0.229; 95% 
CI, 0.080–0.657; p < 0.006). In the matched data, age (adjusted 
OR = 1.050; 95% CI, 1.000–1.101; p = 0.048) and preoperative 
saturation (adjusted OR = 2.352; 95% CI, 1.020–5.424; p = 0.045) 
were independent risk factors for PPCs (Table 4). 

DISCUSSION 

Femur fractures, whose risk factors are old age and osteoporosis, 
can be corrected surgically. The postoperative complications in-
clude acute respiratory distress syndrome, fat embolism, and pneu-
monia caused by prolonged bed rest.16,17) These complications are 
reduced through early mobilization, thereby reducing related mor-
bidity and mortality by decreasing the ICU and hospital lengths of 
stay.18,19) Various surgeries have shown differences in the incidence 
of PPCs according to the type of neuromuscular blockade reversal 

Table 3. Perioperative data before and after propensity score matching according to the occurrence of postoperative pulmonary complications 

Before propensity score matching After propensity score matching
No PPC (n = 540) PPC (n = 64) p-value No PPC (n = 205) PPC (n = 15) p-value

Sex, male 174 (32.2) 19 (29.7) 0.788 81 (40.3) 5 (33.3) 0.796
Age (y) 78.0 (66.5–83.0) 81.0 (76.0–86.0) 0.002 69.0 (56.0–78.0) 82.0 (73.0–87.0) 0.002
ASA physical status < 0.001 0.109
 1 6 (1.1) 0 (0) 6 (3.0) 0 (0)
 2 256 (47.4) 13 (20.3) 133 (66.2) 6 (40.0)
 3 267 (49.4) 47 (73.4) 60 (29.9) 9 (60.0)
 4 11 (2.0) 4 (6.2) 2 (1.0) 0 (0)
Body mass index (kg/m2) 22.1 (19.6–24.5) 21.2 (20.0–23.6) 0.373 22.2 (19.7–24.4) 21.4 (20.6–23.7) 0.761
Hypertension 331 (61.3) 50 (78.1) 0.012 106 (52.7) 11 (73.3) 0.202
Cerebrovascular disease 138 (25.6) 21 (32.8) 0.273 36 (17.9) 3 (20.0) > 0.999
Preoperative respiratory infection 4 (0.7) 3 (4.7) 0.030 0 (0.0) 0 (0) > 0.999
Preoperative anemia 217 (40.2) 26 (40.6) > 0.999 73 (36.3) 4 (26.7) 0.636
Preoperative saturation 0.013 0.005
 ≥ 96% 346 (64.1) 35 (54.7) 149 (74.1) 8 (53.3)
 91%–95% 167 (30.9) 20 (31.2) 46 (22.9) 4 (26.7)
 ≤ 90% 27 (5.0) 9 (14.1) 6 (3.0) 3 (20.0)
Smoking 0.029 0.439
 Nonsmoking 478 (88.5) 53 (82.8) 181 (90.0) 15 (100)
 Ex-smoker 25 (4.6) 8 (12.5) 6 (3.0) 0 (0)
 Current smoker 37 (6.9) 3 (4.7) 14 (7.0) 0 (0)
Estimated blood loss 100.0 (50.0–100.0) 100.0 (50.0–135.0) 0.984 100.0 (50.0–110.0) 50.0 (40.0–100.0) 0.083
Emergency operation 123 (22.8) 4 (6.2) 0.004 40 (19.9) 1 (6.7) 0.358
Use of NMT 81 (15.0) 6 (9.4) 0.306 6 (3.0) 1 (6.7) 0.983
Time to extubation from last NMB 72.5 (50.0–94.0) 68.5 (51.5–90.5) 0.513 77.0 (56.0–100.0) 60.0 (46.0–75.0) 0.050
Use of PEEP 390 (72.2) 48 (75.0) 0.747 138 (68.7) 10 (66.7) > 0.999
Duration of anesthesia 125.0 (95.0–160.0) 115.0 (100.0–152.5) 0.775 140.0 (105.0–185.0) 115.0 (95.0–155.0) 0.102

Values are presented as number (%) or median (interquartile range).
ASA, American Society of Anesthesiologists; NMT, neuromuscular monitoring; NMB, neuromuscular blockade; PEEP, positive end-expiratory pressure.
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agent used.10,11) However, we observed no difference in the inci-
dence of PPCs between sugammadex and anticholinesterase in fe-
mur fracture surgery under general anesthesia. 

General anesthesia is an important method used in femur frac-
ture repair surgeries when regional anesthesia cannot be adminis-
tered. Neuromuscular blockers are essential drugs used during 
general anesthesia. They facilitate surgery by preventing intraoper-
ative movement. However, they may increase the risk of PPCs due 
to residual neuromuscular block, which may affect postoperative 
management. In femur fractures, a representative long bone frac-
ture, immobility caused by the fracture increases the risk of pulmo-
nary embolism due to deep vein thrombosis. It can cause fatal pul-
monary complications such as fat embolism syndrome.20) In par-
ticular, a high proportion of older patients experience femur frac-
tures, and the incidence of residual neuromuscular block in older 
adults is approximately twice that in younger patients.21) 

The previously reported incidence rates of PPCs were 31% in 
several types of surgeries and 40% in patients with femur frac-
tures.2,10,11) However, the incidence in our study was 7%, which is 
slightly different from that in previous studies. This difference 
might be due to the retrospective nature of the study; additionally, 
underestimation was possible due to insufficient reporting and 
poor investigation compared to prospective studies. Additionally, 
unlike previous studies on PPCs in femur fracture surgeries that 
only included older adults, this study included all adults. The inci-

Table 4. Logistic regression of postoperative pulmonary complications in femur fracture surgery 

Before propensity score matching After propensity score matching
Unadjusted OR 

(95% CI) p-value Adjusted OR  
(95% CI) p-value Unadjusted OR 

(95% CI) p-value Adjusted OR  
(95% CI) p-value

Sex, male 0.89 (0.50–1.56) 0.681 - 0.74 (0.24–2.25) 0.596 -
Age (y) 1.03 (1.01–1.03) 0.007 - 1.06 (1.015–1.117) 0.011 1.050 (1.000–1.101) 0.048
ASA physical status 3.07 (1.85–5.08) < 0.001 2.734 (1.610–4.631) < 0.001 2.76 (1.08–7.09) 0.035 -
Body mass index (kg/m2) 0.97 (0.90–1.05) 0.447 - 0.98 (0.84–1.14) 0.756 -
Hypertension 2.26 (1.22–4.18) 0.010 - 2.46 (0.76–8.00) 0.133 -
Cerebrovascular disease 1.42 (0.82–2.48) 0.214 - 1.15 (0.31–4.27) 0.839 -
Preoperative respiratory  

infection
6.59 (1.44–30.14) 0.015 5.031 (0.941–26.892) 0.059 NA NA -

Preoperative anemia 1.02 (0.60–1.73) 0.946 - 0.64 (0.20–2.07) 0.455 -
Preoperative saturation 1.58 (1.07–2.34) 0.022 1.457 (0.975–2.178) 0.067 2.603 (1.210–5.602) 0.010 2.352 (1.020–5.424) 0.045
Smoking 1.12 (0.71–1.77) 0.616 - 0 (0–infinity) 0.993 -
Estimated blood loss 1.00 (1.00–1.00) 0.450 - 0.99 (0.99–1.00) 0.170 -
Emergency operation 0.23 (0.08–0.63) 0.005 0.229 (0.080–0.657) 0.006 0.29 (0.04–2.25) 0.235 -
Use of NMT 0.59 (0.24–1.40) 0.231 - 2.32 (0.26–20.65) 0.450 -
Time to extubation from last 

NMB
1.00 (0.99–1.00) 0.381 - 0.98 (0.97–1.00) 0.080 0.981 (0.961–1.002) 0.077

Use of PEEP 1.15 (0.64–2.09) 0.638 - 0.91 (0.30–2.78) 0.873 -
Duration of anesthesia 1.00 (1.00–1.00) 0.950 - 1.00 (0.99–1.00) 0.297 -

ASA, American Society of Anesthesiologists; NMT, neuromuscular monitoring; NMB, neuromuscular blockade; PEEP, positive end-expiratory pressure; OR, 
odds ratio; CI, confidence interval.

dence might be lower in all adults than in older people.22,23) In our 
data, the incidence was 12% in patients aged > 65 years. 

The use of sugammadex reduces PPCs in older patients under-
going femur fracture repair surgery under general anesthesia.24) In 
our study, the incidence of PPCs did not significantly differ be-
tween both types of reversal agents used in our study. However, 
the lower incidence with sugammadex is consistent with the results 
of other studies.10,11) The reasons why the incidence of PPCs did 
not differ significantly between the reversal agents in our study are 
as follows. First, femoral fracture repair surgery is associated with a 
high risk of PPCs owing to the high proportion of older people 
and the risk of embolism. Second, the tendency to preferentially 
consider sugammadex for high-risk patients or those expected to 
have PPCs upon emergence from anesthesia could have affected 
the results. In addition, although our retrospective findings con-
firmed the relevance of PPCs related to the type of neuromuscular 
block reversal agent, a causal relationship could not be confirmed, 
and the results may have been affected by various uncontrolled in-
fluencing factors. 

Some variables identified as risk factors in this study, including 
higher ASA PS, higher age, and lower preoperative saturation, were 
also representative risk factors for PPCs in previous studies.25-27) In 
particular, the latter two are meaningful components of the Assess 
Respiratory Risk in Surgical Patients in Catalonia (ARISCAT) 
score, the only validated method for scoring PPCs risk factors. 
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Therefore, efforts to identify risk factors using various methods, 
such as prospective or large-scale studies, are necessary.25) 

In addition, unlike previous studies, we identified emergency 
surgery as a preventive factor.25,26) In our hospital, we aim to per-
form femur fracture surgeries as emergency surgeries for patients 
with no specific contraindications. This is probably related to the 
fact that performing surgery as soon as possible reduces mortality; 
thus, a quick operation may have affected PPCs.17) Moreover, it is 
easier to perform emergency surgery in patients without comor-
bidities than for those with multiple comorbidities owing to coop-
eration with other departments. However, as the time from injury 
to surgery was not recorded in this study, it was difficult to confirm 
this correlation. 

The limitations of this study are as follows. First, as this was a 
retrospective study, it included many uncontrolled factors, which 
made it difficult to confirm a causal relationship. For PPCs in 
which preoperative lung status and medical history are important, 
the results of this study may have been influenced by several fac-
tors. However, as it is difficult to conduct a well-controlled pro-
spective study because most patients with femoral fractures are in 
poor condition or are older individuals, we considered it sufficient 
to confirm its relevance. Second, as this was a single-center study, 
group bias was possible. A multicenter or big data study is required 
to confirm the overall effects of PPCs in patients with femoral frac-
tures undergoing general anesthesia. Finally, the surgical site is an 
important risk factor for PPC. We included all types of femoral 
fracture repair surgeries performed in our hospital and did not ana-
lyze them by type. However, based on previous studies evaluating 
the risk factors of PPC, a more detailed classification of surgical 
types, such as closed reduction, open reduction, bipolar hemiar-
throplasty, and total hip replacement, would not have significantly 
affected our results.25,28) 

In conclusion, we observed no significant difference in PPCs ac-
cording to the type of neuromuscular block reversal agent used in 
patients undergoing femoral fracture repair surgery under general 
anesthesia. However, the relationship between PPCs and the neu-
romuscular blockade reversal agents remains unclear. It is import-
ant to thoroughly determine the patient’s condition before surgery 
and to properly evaluate the patient’s risk according to the risk fac-
tors identified in this study. 
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