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Abstract

Purpose The effectiveness of surgical rib fixation is currently controversial, partly because of differences in timing. We used
a Japanese nationwide database to investigate the effectiveness of surgical rib fixation in relation to its timing.

Methods We used the Japanese Diagnosis Procedure Combination database to identify patients with rib fractures who
underwent mechanical ventilation from 1 July 2010 to 31 March 2018. We performed overlap weight analysis to compare
in-hospital outcomes between patients who had and had not undergone surgical rib fixation within 3, 6 or 10 days after
admission. The primary outcomes were duration of mechanical ventilation and post-rib fixation length of hospital stay. The
secondary outcomes were tracheostomy, post-admission pneumonia and all-cause 28-day in-hospital mortality.

Results We identified 8922 eligible patients. Surgical rib fixation within 3 days after admission was associated with shorter
duration of mechanical ventilation (percent difference, —42.9%; 95% confidence interval, — 57.4 to —23.3) and shorter hospital
stay (percent difference, — 19.6%; 95% confidence interval, —31.8 to —5.2). There were no significant differences between
the groups in tracheostomy (risk difference, — 0.04; 95% confidence interval, —0.15 to 0.07), post-admission pneumonia (risk
difference, — 0.04; 95% confidence interval, —0.13 to 0.05) or all-cause 28-day in-hospital mortality (risk difference, —0.02;
95% confidence interval, —0.07 to 0.03). However, there were no significant differences in any in-hospital outcomes between
those who had and had not undergone rib fixation within 6 or 10 days after admission.

Conclusion Early surgical rib fixation was associated with better in-hospital outcomes, whereas later surgical rib fixation
was not.
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Introduction

Rib fractures are present in 10%-39% of all trauma patients

[1, 2]. The symptoms generally do not interfere with daily

activities; however, severe pain and chest deformity some-

. . . . . times restrict thoracic movement and cause respiratory
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supplementary material, which is available to authorized users. with other pulmonary complications such as pneumothorax,

hemothorax and pulmonary contusion [3]. Some patients,

therefore, require mechanical ventilation [4, 5].
Most patients who require mechanical ventilation for the
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A systematic review found that surgical rib fixation was
associated with shorter duration of mechanical ventilation
and lower rates of mortality, post-admission pneumonia,
and tracheostomy compared with non-operative manage-
ment [8]. The studies reviewed had small patient cohorts
and the timing of surgical rib fixation varied considerably.
A prospective study regarding the timing of surgical rib
fixation reported that early surgical rib fixation resulted
in shorter lengths of hospital and intensive care unit stays
than did late surgical rib fixation [9]. However, that study
did not fully adjust for patients’ characteristics and there
may have been selection biases.

In this study, we compared in-hospital outcomes (length
of hospital stay and duration of mechanical ventilation)
between patients who did and did not undergo surgical rib
fixation. We hypothesized that early surgical rib fixation
is associated with better in-hospital outcomes than non-
operative management and that late surgical rib fixation is
less effective than earlier fixation.

Materials and methods
Study design and setting

We extracted data from the Diagnosis Procedure Com-
bination inpatient database in Japan. The details of this
database have been described elsewhere [10]. Briefly, the
database includes hospital discharge and administrative
claims data for more than 1100 acute care hospitals and
covers up to 80% of all inpatient admissions to tertiary-
care emergency hospitals in Japan. The database includes
the following individual information: age, sex, body
weight, height, dates of admission and discharge, admis-
sion diagnoses, comorbidities on admission, complica-
tions during hospitalization, procedures such as surgical
rib fixation, tracheostomy, mechanical ventilation, chest
drainage, drugs, intensive care unit admission and dis-
charge status. Diagnoses, comorbidities and complications
are recorded according to the International Classification
of Diseases, 10th Revision (ICD-10) codes. A previous
study has validated the records of diagnoses and proce-
dures in the Diagnosis Procedure Combination data [11].
That study reported that the sensitivity of the diagnoses
ranged from 30 to 80% and the specificity of the diagno-
ses exceeded 96%. The sensitivity and the specificity of
the records of procedures exceeded 90%. This study was
approved by the institutional Review Board of The Uni-
versity of Tokyo [approved number: 3501-(3) (25 Decem-
ber 2017)]. Because we used only anonymized data, the
requirement for consent was waived.
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Patient selection

We used patients’ data from the Diagnosis Procedure
Combination database from 1 July 2010 to 31 March 2018.
We included patients who met all the following criteria: (I)
admitted with rib fractures (ICD-10 codes; S22.3-S22.5)
and (IT) required mechanical ventilation within 1 day after
admission. We excluded the following patients: (I) extu-
bated before surgical rib fixation or (II) died before the
designated day (3, 6 or 10 days after admission; details
provided in next section).

Variables and outcomes

We collected the following variables: age (years), sex,
body mass index (BMI), Japan Coma Scale score on
admission, comorbidities on admission, procedures on
admission (catecholamine use, chest drainage, transfu-
sion and transarterial embolization), intervention for
other organs (craniotomy, thoracotomy, laparotomy, spinal
fusion, pelvic open reduction and internal fixation (ORIF),
surgery to limbs), Charlson Comorbidity Index [12], ICD-
10-based severity scores for trauma, and admission to the
intensive care unit. We classified age into four catego-
ries: < 60, 60-69, 70—79 and > 80 years and BMI into four
categories: < 18.5, 18.5-24.9, 25.0-29.9 and > 30 kg/mz.

We used Japan Coma Scale scores to classify the level
of a patient’s consciousness [13—15]. Japan Coma Scale
scores are widely used in Japan. There are four categories:
0 (alert and conscious), 1-3 (drowsy, but awake without
stimulation), 10-30 (lethargic and drowsy, but can be
aroused with stimulation) and 100-300 (coma). Japan
Coma Scale scores correlate well with Glasgow Coma
Scale scores [14].

We included the following comorbidities on the basis of
ICD-10 codes: clinically important traumatic brain injury
(502.0, 02.1, 02.9, 04.x, 06.x), cervical fracture (S12.0,
12.1, 12.2, 12.2, 12.7, 12.9), vertebral fracture (S22.0,
22.1,32.0, 32.1, T02.1, TO8), clavicular fracture (S42.0),
sternal fracture (S22.2), scapular fracture (S42.1), flail
chest (S22.5) and pelvic fracture (S32.0, 32.3, 32.4, 32.5,
32.7,32.8).

We used ICD-10-based severity scores for trauma to
adjust for trauma severity. This score has been validated
and shown to predict in-hospital mortality accurately [16].

The study outcomes were duration of mechanical ventila-
tion, length of hospital stay, proportion of patients requiring
tracheostomy, proportion of patients developing pneumonia
after admission and all-cause 28-day in-hospital mortality.

Because we hypothesized that the effectiveness of sur-
gical rib fixation may vary according to its timing, we
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compared outcomes between patients who underwent
surgical rib fixation from 1 to 3 days (within 3 days), 1
to 6 days (within 6 days) or 1 to 10 days (within 10 days)
after admission (treated group) and those who did not
undergo surgical rib fixation within the designated time
period (untreated group).

Statistical analysis

We used propensity score analysis to compare outcomes
between the groups. We used multivariable logistic regres-
sion model to determine propensity scores for surgical rib
fixation within 3, 6 or 10 days after admission. We included
the following independent variables in the model: age, sex,
BMI, Japan Coma Scale scores on admission, clinically
important traumatic brain injury, cervical fracture, verte-
bral fracture, clavicular fracture, sternal fracture, scapular
fracture, flail chest, pelvic fracture, catecholamine use,
chest drainage, transfusion, transarterial embolization, cra-
niotomy, thoracotomy, laparotomy, pelvic ORIF, surgery
to limbs, Charlson Comorbidity Index and ICD-10-based
severity score for trauma. To discriminate the model, we
evaluated the C-statistic. We assessed differences in patients’
characteristics between the groups using standardized dif-
ferences. We regarded standardized difference of > 0.1 as
meaningful imbalances [17].

We used the “overlap weights” method to compare the
groups because there were substantial differences between
them and some extremely high or low propensity scores [18,
19].

Overlap weights has recently been introduced as a pro-
pensity score weighting method. Details of this method are
described elsewhere [20]. With this method, the weight is
defined as 1 — propensity score for treated patient and pro-
pensity score for untreated patient. Therefore, the maximum
weight on the propensity score is 0.5, this score being of
the greatest interest, whereas less emphasis is placed on
extremely high or low propensity scores (approaching O or
1).

The overlap weights method has several advantages.
There is no need to trim and discard patients, whereas sev-
eral other weighting methods sometimes require trimming
if there are extreme propensity scores. In overlap weights,
all weights fall between 0 and 1, whereas in some other sta-
tistical methods such as “conventional inverse propensity
score weighting”, the weights have no upper boundary. The
overlap weights method therefore eliminates the potential
bias that can arise from multiplication of scores of the few
patients with extremely high or low propensity scores. Fur-
thermore, one study has shown that overlap weights may be
more efficient than inverse probability of treatment weight-
ing and propensity score with trimming [20].

We divided the patients into three arms: (1) patients who
underwent surgical rib fixation within 3 days after admis-
sion or not, excluding those who died within 3 days after
admission; (2) patients who underwent surgical rib fixation
within 6 days after admission or not, excluding those who
died within 6 days after admission and (3) patients who
underwent surgical rib fixation within 10 days after admis-
sion or not, excluding those who died within 10 days after
admission.

The primary outcomes were the duration of mechanical
ventilation and the length of hospital stay. The secondary
outcomes were the proportion of patients requiring trache-
ostomy, the incidence of post-admission pneumonia, and the
all-cause 28-day in-hospital mortality rate. To analyze con-
tinuous outcomes, we changed the continuous variables into
natural logarithms to satisfy the homoscedasticity condition
for linear regression. We estimated percent differences and
their 95% confidence interval (CI) by exp () — 1, where
denotes the coefficients of the linear regression models. In
the unadjusted analyses, we used Student’s ¢ test for con-
tinuous variables and the y? test or Fisher’s exact test for
categorical variables.

We performed several sensitivity analyses. First, we ana-
lyzed the duration of mechanical ventilation and the length
of hospital stay in both groups without transforming these
values into natural logarithms. Second, we compared the
outcomes after excluding patients with clinically impor-
tant traumatic brain injury, cervical fracture, craniotomy
on admission, and spinal fusion on admission. Third, we
compared the outcomes among patients without flail chest.

We have expressed continuous variables as mean and
standard deviation or medians and interquartile ranges and
categorical variables as frequencies and percentages. All p
values are two sided, and we considered p values <0.05 to
denote statistical significance. We performed all statistical
analyses using the general statistical package STATA, ver-
sion 16.0 (Stata Corporation, College Station, TX, USA).

Results

We identified 8940 patients who were admitted to hospi-
tals, diagnosed with rib fractures and underwent mechanical
ventilation within 1 day after admission. Figure 1 shows
the flow of the patients. We excluded 18 patients who were
extubated before surgical rib fixation, leaving 8922 eligible
patients.

Surgical rib fixation within 3 days after admission
or not

We excluded 2607 patients because they died within 3 days
after admission. This left 62 patients in the treated group
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Fig.1 Patient selection flow-
chart

8,940 patients admitted to hospital
with rib fractures and underwent
mechanical ventilation

| 18 patients excluded
extubated before surgical rib fixation

8,922 patients
eligible

2,607 patients excluded
ng died < 3 days
after admission

2,931 patients excluded
died < 10 days
after admission

2,784 patients excluded
L died < 6 days
after admission

'

S

62 patients 6,253 patients
underwent did not undergo
surgical rib surgical rib
fixation fixation
<3 days < 3 days
after after admission
admission

113 patients 6,025 patients 162 patients 5,829 patients
underwent did not undergo underwent did not undergo
surgical rib surgical rib surgical rib surgical rib
fixation fixation fixation fixation
<6 days <6 days <10 days <10 days
after after admission after after admission
admission admission

and 6253 in the untreated group. The treated group was
older, had higher BMIs, higher proportions of alert con-
scious state, clavicular fractures, sternal fractures, scapular
fractures, flail chest, catecholamine use, chest drainage,
transfusion, thoracotomy, pelvic ORIF, surgery to limbs
and smaller proportions of clinically important traumatic
brain injury, transarterial embolization, craniotomy, lapa-
rotomy, spinal fusion and lower Charlson Comorbidity
Index scores (Table 1). In the unadjusted analysis, patients
who underwent surgical rib fixation had a shorter length
of hospital stay (32.1 vs. 45.1 days; difference, 13.0 days;
95% CI 1.3-24.6; p=0.03). We found no significant dif-
ferences between the groups in the duration of mechanical
ventilation (7.3 vs. 13.4 days; difference, 6.1 days; 95%
CI-0.1to 12.3; p=0.05), proportion of patients undergo-
ing tracheostomy (19.4 vs. 25.6%; p =0.26), incidence of
post-admission pneumonia (11.3 vs. 18.5%; p=0.14) or
all-cause 28-day in-hospital mortality rate (3.2 vs. 9.1%;
p=0.11).

The C-statistic of the propensity score was 0.87. After
overlap weighting, there were no imbalances between the
groups (Tablel). Tables 2 and 3 show the results of the
analysis. In the adjusted analysis, patients who underwent
surgical rib fixation within 3 days after admission showed
shorter duration of mechanical ventilation (percent dif-
ference, —42.9%; 95% CI—57.4 to—23.3; p<0.001) and
shorter length of hospital stay (percent difference, — 19.6%;
95% CI—31.8 to—5.2; p=0.009) than those who did not.
We found no significant differences between the groups in
the proportions of tracheostomy (risk difference, — 0.04;
95% CI—0.15 to 0.07; p=0.43), post-admission pneu-
monia (risk difference, —0.04; 95% CI—0.13 to 0.05;
p=0.35) and all-cause 28-day in-hospital mortality (risk
difference, — 0.02; 95% CI—0.07 to 0.03; p =0.40).
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Surgical rib fixation within 6 days after admission
or not

We excluded 2784 patients because they died within 6 days
after admission. This left 113 patients in the treated group
and 6025 in the untreated group. We calculated the propen-
sity scores; the C-statistic of the propensity score was 0.82.
After overlap weighting, there were no imbalances between
the groups (Online Resource 1). In the adjusted analysis,
there were no significant differences between the groups in
duration of mechanical ventilation, length of hospital stay,
tracheostomy, proportion of post-admission pneumonia and
all-cause 28-day in-hospital mortality (Online Resources 2
and 3).

Surgical rib fixation within 10 days after admission
or not

We excluded 2931 patients because they died within 10 days
after admission. This left 162 patients in the treated group
and 5829 in the untreated group. We calculated the C-sta-
tistic of the propensity score as 0.80. After overlap weight-
ing, there were no imbalances between the groups (Online
Resource 4). In the adjusted analysis, the results were similar
to those for patients treated within 6 days (Online Resources
5 and 6).

Sensitivity analyses
We performed several sensitivity analyses. The results are

shown in Online Resources 7-21. The results were similar
to those of the main analyses.
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Table 1 Patient characteristics according to surgical rib fixation status within 3 days after admission in the original and overlap weights adjusted
cohorts

Patients who did not ~ Patients who Standardized Patients who did not ~ Patients who under- Standardized
undergo surgical rib ~ underwent difference (%) undergo surgical rib ~ went surgical rib difference
fixation <3 days after surgical rib fixation <3 days after fixation <3 days after (%)
admission (n=6253) fixation <3 days admission (n=6253) admission (n=62)
after admission
(n=62)
Age: years, mean 64.1 (19.8) 66.6 (14.6) 65.9 66.9
(SD)
Age groups: years, n (%) 31.5
<60 2024 (32.4) 14 (22.6) 23.2) (23.2) 0.0
60-69 1199 (19.2) 17 (27.4) (25.3) (25.3) 0.0
70-79 1571 (25.1) 20 (32.3) (32.0) (32.0) 0.0
80< 1459 (23.3) 11 (17.7) (19.5) (19.5) 0.0
Sex (male), n (%) 4067 (65.0) 41 (66.1) 2.3 (64.0) (64.0) 0.0
Body mass index: kg/  22.5 (4.9) 23.4 (4.8) 229 23.4
m?, mean (SD)
Body mass index groups: kg/m?, n (%) 27.1
<18.5 799 (12.8) 9 (14.5) (15.2) (15.2) 0.0
18.5-24.9 3373 (53.9) 33 (53.2) (55.4) (55.4) 0.0
25-29.9 1193 (19.1) 12 (19.4) (21.3) (21.3) 0.0
30< 241 (3.9) 5(8.1) 8.2) (8.2) 0.0
Missing 647 (10.4) 34.8)
Japan Coma Scale, n (%) 71.7
0 (alert) 1756 (28.1) 38 (61.3) (59.6) (59.6) 0.0
1-3 (dizziness) 1392 (22.3) 9 (14.5) 14.2) (14.2) 0.0
10-30 (somnolence) 979 (15.7) 5@8.1) (8.6) (8.6) 0.0
100-300 (coma) 2126 (34.0) 10 (16.1) 17.5) 17.5) 0.0
Comorbidities, n (%)
Clinically important 1426 (22.8) 10 (16.1) 16.9 (15.3) (15.3) 0.0
traumatic brain
injury
Cervical fracture 264 (4.2) 2(3.2) 53 3.4) 3.4 0.0
Vertebral fracture 683 (10.9) 6(9.7) 4.1 (10.2) (10.2) 0.0
Clavicular fracture 579 (9.3) 9(14.5) 16.3 (13.6) (13.6) 0.0
Sternal fracture 170 (2.7) 4(6.5) 17.9 (6.8) (6.8) 0.0
Scapular fracture 289 (4.6) 5(8.1) 14.2 (8.5) (8.5) 0.0
Flail chest 228 (3.6) 11 (17.7) 46.8 15.4) (15.4) 0.0
Pelvic fracture 784 (12.5) 8 (12.9) 1.1 (11.8) (11.8) 0.0
Procedures on admission, n (%)
Catecholamine use 3153 (50.4) 40 (64.5) 28.8 (63.5) (63.5) 0.0
Chest drainage 2400 (38.4) 27 (43.5) 10.5 45.4) 45.4) 0.0
Transfusion 312 (54.6) 45 (72.6) 38.1 (72.7) (72.7) 0.0
Transarterial embo- 1016 (16.2) 3(4.8) 37.8 5.2) 5.2) 0.0
lization

Interventions for other organs, n (%)

Craniotomy 524 (8.2) 1(1.6) 314 (1.8) (1.8) 0.0

Thoracotomy 285 (4.6) 17 (27.4) 65.7 27.3) (27.3) 0.0

Laparotomy 413 (6.6) 2(3.2) 15.7 (3.6) (3.6) 0.0

Spinal fusion 125 (2.0) 0(0.0) 20.2

Pelvic ORIF 207 (3.3) 6(9.7) 26.1 (8.4) (8.4) 0.0

Surgery to limbs 587 (9.4) 13 (21.0) 32.7 (20.3) (20.3) 0.0
Charlson Comorbidity Index, n (%) 37.0
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Table 1 (continued)
Patients who did not  Patients who Standardized Patients who did not ~ Patients who under- Standardized
undergo surgical rib  underwent difference (%) undergo surgical rib ~ went surgical rib difference

fixation <3 days after
admission (n=6253)

surgical rib
fixation <3 days
after admission

fixation <3 days after
admission (n=6253)

fixation <3 days after (%)
admission (n=62)

(n=62)
0 4802 (76.8) 55 (88.7) (88.0) (88.0) 0.0
1 967 (15.5) 4(6.5) (6.9) (6.9) 0.0
2 331(5.3) 1(1.6) (1.8) (1.8) 0.0
3< 153 (2.4) 2(3.2) 3.3) (3.3) 0.0
ICD-10-based sever- 9.1 (6.3) 9.2 (4.5) 2.7 8.9 8.9 0.0
ity score for trauma,
mean (SD)
ICU admission n, (%) 5584 (89.3) 56 (90.3) 34 (89.6) (89.6) 0.0

ICD International Classification of Diseases, /CU intensive care unit, ORIF open reduction and internal fixation, SD standard deviation

Table2 Duration of mechanical ventilation and length of hospital
according to surgical rib fixation status within 3 days after admission
adjusted using overlap weights

Variables Percent differ- 95% confidence interval p value
ence (%)

Duration of —-429 —5741t0-233 <0.001
mechanical
ventilation

Length of hos- —19.6 —-31.8t0-5.2 0.009
pital stay

Discussion

We used data from a Japanese nationwide database to inves-
tigate in-hospital outcomes in relation to the timing of surgi-
cal rib fixation with adjustment for patients’ characteristics,
comorbidities, procedures and severity. Our analyses showed
that patients who underwent surgical rib fixation within
3 days after admission had a shorter duration of mechanical
ventilation and shorter length of hospital stay than did those
who had not. However, there were no significant differences
in any in-hospital outcomes between those who had and had
not undergone surgical rib fixation within 6 or 10 days after
admission.

Previous studies have shown conflicting results on in-hos-
pital outcomes after surgical rib fixation, partly because of
variations in its timing [21-23]. Few studies have compared
early and late surgical rib fixation [9, 24]. To the best of our
knowledge, this is the first study to compare the outcomes
of surgical rib fixation in relation to the interval between
admission and surgery. After adjusting for patients’ charac-
teristics using overlap weights, we found that the effective-
ness of surgical rib fixation compared with non-operative
management depended on the timing of the surgical fixation.

In the present study, we found that earlier surgical rib
fixation was associated with shorter duration of mechanical
ventilation and shorter length of hospital stay compared with
non-operative management within 3 days after admission,
whereas there was no such association for later surgical rib
fixation. These results are biologically plausible. Surgical
rib fixation stabilizes movement of the rib fragments, which
decreases pain and enables the rib cage to move efficiently,
thus facilitating early rehabilitation. However, patients who
undergo surgical rib fixation later are mechanically venti-
lated for longer, which may weaken their respiratory mus-
cles. Therefore, even after surgical rib fixation, it takes time
to wean them off a ventilator. Thus, delayed surgical rib
fixation could be less effective than not undergoing rib fixa-
tion at all.

Table 3 Proportion of tracheostomy, post-admission pneumonia and all-cause 28-day in-hospital mortality according to surgical rib fixation sta-

tus within 3 days after admission adjusted using overlap weights

Variables

Treated group Untreated group Risk difference 95% confidence interval p value
Tracheostomy 0.21 0.26 -0.04 —0.15t0 0.07 0.43
Pneumonia after admission 0.12 0.16 -0.04 —0.13 t0 0.05 0.35
All-cause 28-day in-hospital mortality 0.03 0.06 -0.02 —0.07 to 0.03 0.40
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This study has several limitations. First, we could not
obtain detailed information about the rib fractures. How-
ever, the usefulness of information on the number and
location of rib fractures and RibScores has not been well
studied [25-27]. Second, the indications of surgical rib fix-
ation may have differed between the participating hospitals
and doctors because these indications remain controversial
[28, 29]. Third, the effectiveness of surgical rib fixation
for patients with mild injury was unknown because we
excluded those who were extubated before rib fixation.
Fourth, patients who underwent early surgical rib fixation
showed better outcomes than those who did not; however,
the most appropriate timing of surgical fixation for rib
fracture remains unknown. Fifth, this study included a
small number of patients.

In conclusion, we performed overlap weights analysis
using data of a Japanese nationwide cohort of patients with
rib fractures to compare in-hospital outcomes between
patients who did and did not undergo surgical rib fixation
within 3, 6 or 10 days after admission. Surgical rib fixa-
tion within 3 days after admission was associated with a
reduction in duration of mechanical ventilation and length
of hospital stay. However, these benefits may decrease as
surgery is delayed. We recommend that surgical fixation
for rib fractures is performed as early as possible to maxi-
mize the benefits to patients.
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