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Introduction

Background: Delayed hemothorax (dHTX) can occur unexpectedly, even in patients
who initially present without signs of hemothorax (HTX), potentially leading to death. We
aimed to develop a predictive model for dHTX requiring intervention, specifically targeting
those with no or occult HTX.

Methods: This retrospective study was conducted at a level 1 trauma center. The primary
outcome was the occurrence of dHTX requiring intervention in patients who had no HTX
or occult HTX and did not undergo closed thoracostomy post-injury. To minimize overfit-
ting, we employed the least absolute shrinkage and selection operator (LASSO) logistic
regression model for feature selection. Thereafter, we developed a multivariable logistic
regression (MLR) model and a nomogram.

Results: In total, 688 patients were included in the study, with 64 cases of dHTX (9.3%).
The LASSO and MLR analyses revealed that the depth of HTX (adjusted odds ratio [aOR],
3.79; 95% confidence interval [Cl], 2.10-6.85; p<0.001) and the number of totally displaced
rib fractures (RFX) (@OR, 1.90; 95% Cl, 1.56-2.32; p<0.001) were significant predictors. Based
on these parameters, we developed a nomogram to predict dHTX, with a sensitivity of
78.1%, a specificity of 76.0%, a positive predictive value of 25.0%, and a negative predictive
value of 97.1% at the optimal cut-off value. The area under the receiver operating charac-
teristic curve was 0.832.

Conclusion: The depth of HTX on initial chest computed tomography and the number
of totally displaced RFX emerged as significant risk factors for dHTX. We propose a novel
nomogram that is easily applicable in clinical settings.

Keywords: Delayed hemothorax, Occult hemothorax, Rib fractures, Least absolute shrink-
age and selection operator, Nomograms

marily relied on plain chest radiographs [5,6]. However, the
advent of widespread computed tomography (CT) scan us-

Hemothorax (HTX) is a frequent complication in pa-
tients with blunt chest trauma, often resulting in adverse
outcomes that range from hypovolemic shock due to blood
loss to delayed complications such as empyema [1,2]. Con-
sequently, it is essential to tailor treatment based on the
patient’s hemodynamic status and the severity of the injury
(3].

The volume of HTX is critical in determining whether to
opt for procedural interventions or conservative manage-
ment [4]. In the past, the estimation of HTX volume pri-

age in trauma care has enhanced the accuracy of these as-
sessments. This technological progress now enables the detec-
tion of even minimal HTX amounts, which were previously
undetectable on standard plain chest radiographs [3]. These
small quantities of HTX, detectable only through CT
scans, are known as occult HTX [7].

Although the initial volume of HTX is a critical factor in
determining appropriate management, it is important to
note that this volume is not static and may increase over
time in some cases. Failure to detect such delayed onset of
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HTX (dHTX) can result in severe complications [8]. Numer-
ous studies have aimed to predict the occurrence of dHTX
in patients with occult HTX and to establish guidelines for
effective treatment [4,9,10]. Recently, the Eastern Associa-
tion for the Surgery of Trauma guidelines have recom-
mended immediate drainage when the depth of HTX ex-
ceeds 1.5 cm on the initial CT scan [11].

However, applying these recommendations universally is
complicated due to the varying degrees of injury among
patients. For instance, recent research has highlighted that
patterns of rib fractures (RFX) are significant risk factors
for dHTX [12-14]. Furthermore, dHTX can develop in pa-
tients who initially show no signs of acute HTX on chest
CT scans [15]. Additionally, even when the depth of the
HTX on a CT scan exceeds 1.5 cm, drainage may not be
necessary in every instance [4,9-11]. Thus, there is a lack of
personalized admission and treatment guidelines that take
into account both the degree of injury and the volume of
HTX in patients with occult HTX.

Our study aimed to develop a personalized predictive
model for the occurrence of dHTX, which necessitates closed
thoracostomy or surgery in patients with either no HTX or
occult HTX. Additionally, by representing the predictive
model in a nomogram, we have made its application in ac-
tual clinical practice more straightforward.

Methods
Study design and data source

This retrospective, observational, single-center study was
conducted at a level 1 trauma center. We prospectively col-
lected data from all patients presenting with blunt chest
trauma from the time of their admission. This included re-
cording the Injury Severity Score (ISS) [16] and the Abbre-
viated Injury Scale (AIS) [17]. We also tracked patients’
progression, noting any occurrences of flail motion or
pneumonia during their initial hospital stay. The patterns
of RFX and the extent of pulmonary contusion (PC) were
determined based on initial chest CT scans. Cases of HTX
were assessed on chest CT by measuring the largest lamel-
lar fluid stripe in the dependent pleural “gutter” on trans-
verse axial cuts [4]. In our trauma center, comprehensive
CT scans from the head to the pelvis were routinely per-
formed for all patients, with additional scans of the ex-
tremities conducted as needed.
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Primary outcome and definitions

Primary outcome

Even when dHTX is visible on plain chest radiographs,
drainage procedures are not always required. Typically, a
small volume of HTX, usually less than 260-300 mL, re-
solves on its own [15]. In our study, the primary outcome
focused on instances of dHTX that required intervention
or led to significant complications. This included cases re-
quiring immediate drainage through closed thoracostomy
and those involving massive bleeding or empyema that ne-
cessitated surgical intervention. We also included patients
who declined treatment due to financial constraints, re-
sulting in fibrothorax and subsequent permanent lesions.

Definition of occult HTX

We defined occult HTX as cases that were detectable
only on chest CT and not visible on plain chest radio-
graphs [7].

Definition of dHTX

We defined dHTX as cases in which patients initially
presented with no HTX or only occult HTX, and subse-
quently demonstrated evidence of pleural effusion on plain
chest radiography or follow-up chest CT 24 hours after ad-
mission.

Number of rib fractures and the degree of
displacement

The number of ribs was calculated based on the degree
of fracture displacement. Currently, there are 2 primary
approaches to RFX classification [18-20]. One proposes di-
viding fractures into grade I and grade II based on a crite-
rion of 50% displacement (grade I: REX with a displace-
ment of less than 50% of the rib width on axial CT; grade
II: displacement between 50% and less than 100%), while
fractures that are completely dislocated are classified as
grade IIL. The other approach categorizes fractures as “un-
displaced” or “offset,” based on a criterion of 10% displace-
ment (undisplaced: RFX with a displacement of less than
10% of the rib width on axial CT; offset: displacement be-
tween 10% and less than 100%), with completely dislocated
fractures classified as “displaced.” However, in our previ-
ous study, which applied both classification criteria, the
only category that demonstrated a significant difference
was totally displaced REFX [21]. In this study, we classified
RFX based on a 50% threshold (grade 0, no RFX; grade 1,
RFX with a displacement of less than 50% of the rib width
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on axial CT; grade 2, displacement between more than 50%
and less than 100%; grade 3, complete displacement). Ad-
ditionally, even if a single rib fractured into 2 or more piec-
es, only the fractures at the 2 most severely broken loca-
tions were recorded and evaluated [21,22]. In this study, as
the analysis of risk factors was conducted for each individ-
ual hemithorax, a single hemithorax could have up to 12
REX.

Rib fractures locations

The location of RFX was categorized into 3 sections us-
ing the anterior and posterior axillary lines. The upper
first to second ribs and lower 11th-12th ribs were excluded
from the definition of the flail segment. Equations were
formulated using the remaining ribs (third to 10th) to de-
termine the flail segment and primary fracture line loca-
tions [21].

The concept of the “primary fracture line,” introduced in
a previous study, was developed to more precisely represent
the patterns of RFX [21]. Clinically, it is observed that mul-
tiple RFXs often align perpendicularly to the ribs. The ori-
entation of these lines, whether anterior or lateral, influ-
ences clinical outcomes. The study highlighted that
fracture lines located laterally significantly contributed to
the occurrence of flail motion. We also recognized the pri-
mary fracture line as a critical parameter for predicting
dHTX and incorporated it into our analysis. Patients with
no RFX or only a single fracture, as well as those with mul-
tiple RFXs but no discernible pattern, were considered to
lack a clear fracture line and were categorized separately in
Table 1.

Flail segment and flail motion

A segmental RFX was diagnosed when a single rib had 2
or more fractures at different locations. Given that flail
motion and flail segments present with entirely different
clinical manifestations and require distinct differentiation
[21,22], our study defined an anatomical flail segment as 3
or more consecutive segmental RFX confirmed radiologi-
cally, and flail motion as paradoxical movement of the
chest wall clinically confirmed during the index hospital-
ization [20].

Degree of pulmonary contusion

The degree of PC was assessed using the blunt pulmo-
nary contusion score (BPC18) [23]. This scoring system di-

vides each lung field into upper, middle, and lower thirds,
with each third receiving a score from 0 to 3, depending on
the density of the affected lung. For the purposes of this
study, the analysis of risk factors was conducted for each
individual hemithorax; thus, the maximum possible score
for the most severe degree of PC in a hemithorax was cal-
culated to be 9 points.

Study population, as well as inclusion and
exclusion criteria

This study enrolled 1,266 consecutive patients with blunt
chest trauma who presented to the trauma center between
January 2019 and December 2023. In our study, all plain
chest radiographs and chest CT scans were jointly inter-
preted by a radiologist and thoracic surgeons. We excluded
patients based on the following criteria: (1) patients with
bilateral blunt chest trauma; (2) patients who underwent
closed thoracostomy within 24 hours of admission; (3) pa-
tients with HTX not classified as occult HTX, such as
those with costophrenic angle blunting identified on initial
plain chest radiographs; (4) patients who were discharged
or died within 24 hours of presentation; and (5) cases
where the degree of PC could not be assessed, such as those
with a totally collapsed lung due to tension pneumothorax
or a single lung due to a previous pneumonectomy. Nota-
bly, we also excluded patients who developed pneumonia
before the diagnosis of dHTX, due to the challenges in dif-
ferentiating between parapneumonic pleural effusion and
dHTX. As a result, 688 patients, either with no HTX or
only occult HTX, were ultimately included in the study
(Fig. 1).

Statistical analysis

The median and interquartile range were used to repre-
sent continuous data, while proportions were used for cate-
gorical data. We compared continuous data using either
the Student t-test or the Mann-Whitney U test. For cate-
gorical data, comparisons were made using the chi-square
test or Fisher’s exact test, depending on what was most
suitable. We set the threshold for statistical significance at
p<0.05. All statistical analyses were performed using the R
language ver. 4.2.1 (The R Foundation for Statistical Com-
puting, Vienna, Austria). For data analysis and visualiza-
tion, we utilized packages including “tidyverse,” “autoReg,”
“moonBook,” “glmnet,” and “rms.”

To minimize overfitting of the prediction model and in-
crease the accuracy of the new dataset, we employed the
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Table 1. Comparisons of clinical characteristics and outcomes of patients with either no HTX or occult HTX

Characteristic Total Without dHTX With dHTX p-value
No. of patients 688 (100.0) 624 (90.7) 64 (9.3)
Sex
Female 183 (26.6) 163 (26.1) 20 (31.2) 0.462
Male 505 (73.4) 461 (73.9) 44 (68.8)
Age (yr) 57.1+18.1 57.1+18.2 57.6+17.3 0.829
Body mass index (kg/m?) 24.0+3.9 23.9+3.9 24.5+3.4 0.283
Hospital LOS (day) 13.0 (6.0-28.0) 13.0 (6.0-26.3) 19.0 (10.0-35.0) 0.001
ICU LOS (min) 1 322 5(0.0-4,450.0) 1 182 5 (0.0-4,290.0) 3, 335 0 (0.0-7,636.5) 0.009
MV LOS (min) 0(0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 0.549
Glasgow Coma Scale on admission 15 O (14.0-15.0) 15 0 (14.0-15.0) 15 0 (14.0-15.0) 0.819
Pulmonary complications
MV >48 hr 81 (11.8) 2 (11.5) 9 (14.1) 0.694
Pneumonia 79 (11.5) 5(12) 4(6.2) 0.241
Onset of pneumonia 0.0 (0.0-0.0) 0 (0.0-0.0) 0.0 (0.0-0.0) 0.201
ARDS 2(0.3) 1(0.2) 1(1.6) 0.444
Mortality 24 (3.5) 21 (3.4) 3(4.7) 0.848
Lung injury parameters
Involved chest
Left 326 (47.4) 292 (46.8) 4 (53.1) 0.404
Right 362 (52.6) 332 (53.2) 0 (46.9)
Patients with pulmonary contusion 309 (44.9) 271 (43.4) 8 (59.4) 0.021
BPC score 0(0.0-1.0) 0(0.0-1.0) 0(0.0-3.0) <0.001
Patients with PNX 193 (28.1) 161 (25.8) 32 (50.0) <0.001
Depth of PNX (cm) 0.1+0.2 0.1+0.2 0.2+0.4 0.003
Patients with occult HTX 191 (27.8) 142 (22.8) 49 (76.6) <0.001
Depth of occult HTX (cm) 0.2+0.4 0.1+0.3 0.5+0.6 <0.001
RFX patterns
Patients with RFX 634 (92.3) 572 (91.7) 62 (96.9) 0.218
No. of RFX 0 (2.0-5.0 0(2.0-5.0) 5.5 (4.0-7.0) <0.001
Grade Il 0 (0.0-1.0) 0 (0.0-1.0) 0.5 (0.0-1.0) 0.002
Grade Il 0 (0.0-1.0) 0 0(0.0-1.0) 2.0 (0.5-3.0) <0.001
Segmented RFX 0 (0.0-1.0) 0.0 (0.0-0.0) 1.0 (0.0-4.0) <0.001
Grade Il 0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.5) <0.001
Grade Il 0 (0.0-0.0] 0.0 (0.0-0.0) 0.0 (0.0-1.5) <0.001
Flail motion 1(1.6) 9(1.4) 2(3.1) 0.618
Flail segment 9 (11.5) 59 (9.5) 20 (31.2) <0.001
Antero—lateral 2(1.7) 9(1.4) 3(4.7) 0.165
Antero—posterior 5 (0.7) 2(0.3) 3(4.7) 0.002
Lateral-lateral 4(0.6) 3(0.5) 1(1.6) 0.825
Latero—posterior 55 (8.0) 42 (6.7) 13 (20.3) <0.001
Undistinguishable 1(0.1) 1(0.2) 0 1.000
Analysis of RFX line locations
Anterior line 105 (15.3) 6 (15.4) 9 (14.1) 0.922
Lateral line 230 (33.4) 199 (31.9) 31 (48.4) 0.011
Posterior line 147 (21.4) 128 (20.5) 19 (29.7) 0.122
No distinct line 201 (32.2) 5(7.8)
Scoring systems
AlS, head 0(0.0-2.0) 0 (0.0-2.0) 0(0.0-2.0) 0.919
AlS, face 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 0.125
AlS, chest 0(2.0-3.0) 0(2.0-3.0) 0(3.0-3.0) <0.001
AlS, abdomen 0(0.0-2.0) 0 (0.0-2.0) 0(0.0-3.0) 0.080
AlS, extremities 0 (0.0-2.0) 0 (0.0-2.0) 0 (0.0-2.0) 0.283
AlS, external 0 (0.0-1.0) 0 (0.0-1.0) 0(0.0-1.0) 0.645
ISS 14 0 (10.0-22.0) 14 0 (10.0-22.0) 18 0(13.5-26.5) 0.005
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Table 1. Continued

Characteristic Total Without dHTX With dHTX p-value
Management for dHTX
Onset of dHTX (day) 3.0 (2.0-6.0)
Closed thoracostomy 55 (85.9)
Exploratory thoracotomy 3(4.7)
Empyemectomy and decortication 2(3.1)
Permanent lesions (fibrothorax) 4(6.2)

Values are presented as number (%), meanz=standard deviation, or median (interquartile range).
HTX, hemothorax; LOS, length of stay; ICU, intensive care unit; MV, mechanical ventilator; ARDS, acute respiratory distress syndrome; BPC, blunt
pulmonary contusion; PNX, pneumothorax; RFX, rib fractures; AlS, Abbreviated Injury Scale; ISS, Injury Severity Score; dHTX, delayed HTX.

Study population from January 2019 to December 2023
No. of patients with blunt chest trauma (n=1,266)

- Not yet discharged

\4

No. of initial group (n=980)

chest X-ray)

\4

No. of final group (n=688)

least absolute shrinkage and selection operator (LASSO) to
reduce the regression coefficients to zero [24,25]. We con-
ducted a tenfold cross-validation to determine the optimal
hyperparameter (1), selecting the most regularized model
where the error was within 1 standard error of the mini-
mum [24]. We incorporated various risk factors for dHTX
into the LASSO regression model, including age, sex, body
mass index (BMI), head AIS, face AIS, abdominal AIS,
chest AIS, extremity AIS, external AIS, ISS, presence of
flail motion, BPC18, and different REX patterns.

After performing feature selection with the LASSO re-
gression model, we constructed a multivariable logistic re-
gression (MLR) model. Utilizing the MLR model, we de-
veloped a nomogram, a graphical tool that facilitates the
approximation of probabilities [26].

Ethics statement

This study was approved by the institutional review

Excluded (n=286 patients):
- Discharged or died within 24 hours
- Transferred to other hospital during hospitalization
- Incomplete medical recordings

- Patients with bilateral chest trauma

Excluded (n=292 patients):
- Patients who developed pneumonia before the
diagnosis of delayed HTX
- Patients who underwent closed thoracostomy within
24 hours of admission
- Cases of non-occult HTX (visible HTX via initial

Fig. 1. Flow chart for patient selec-
tion. HTX, hemothorax.

board (IRB) of Chungbuk National University Hospital
(IRB no., CBNUH 2022-09-006). The requirement for in-
formed consent was waived by the IRB of Chungbuk Na-
tional University Hospital.

Results
Patient characteristics

Table 1 presents the baseline characteristics of the study
population and the results of univariate analysis for dHTX.
During the study period, 688 patients were included after
applying the exclusion criteria. These patients were catego-
rized into 2 groups: those with dHTX and those without.
Of these, 64 patients (9.3%) exhibited clinically significant
dHTX, while 624 (90.7%) did not. The onset of dHTX oc-
curred an average of 3.0 days after admission, with a range
of 2.0 to 6.0 days. There were no significant differences in
sex, age, or BMI between the 2 groups. In comparison to
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the non-dHTX group, the dHTX group experienced a lon-
ger hospital stay. The median hospital length of stay (LOS)
was 19.0 days (interquartile range [IQR], 10.0-35.0 days)
for the dHTX group versus 13.0 days (IQR, 6.0-26.3 days)
for the non-dHTX group. Similarly, the median intensive
care unit LOS was significantly longer for the dHTX group,
at 3,335.0 minutes (IQR, 0.0-7,636.5 minutes) compared to
1,182.5 minutes (IQR, 0.0-4,290.0 minutes) for the non-
dHTX group (p<0.05 for both comparisons). There were
no significant differences in the incidence of prolonged
mechanical ventilation over 48 hours, pneumonia, acute
respiratory distress syndrome, or mortality rates between
the groups.

The occurrence rate of dHTX did not differ significantly
between the left and right chest (53.1% versus 46.9%,
p=0.404). However, in the dHTX group, PC was observed
more frequently, and the BPC18 score was higher (43.4%
versus 59.4% and 0.0 [0.0-1.0] versus 1.0 [0.0-3.0], respec-
tively; all p<0.05). The incidence of pneumothorax and oc-
cult HTX was also higher in the dHTX group (25.8% ver-
sus 50.0%; 22.8% versus 76.6%, p<0.001, respectively). The
depth of pneumothorax and HTX measured on initial
chest CT also showed significant differences between the 2
groups (0.1+0.2 versus 0.2£0.4; 0.1+0.3 versus 0.5£0.6,
p<0.05, respectively).

While the presence of RFX showed no significant differ-
ence between the groups with and without dHTX (96.9%
versus 91.7%, p=0.218), there were significant differences
in both the number and severity of RFX. Specifically, the
dHTX group exhibited significantly higher counts of total,
grade II, and grade III RFX (3.0 [2.0-5.0] versus 5.5 [4.0-
7.0]; 0.0 [0.0-1.0] versus 0.5 [0.0-1.0]; 0.0 [0.0-1.0] versus
2.0 [0.5-3.0], p<0.05, respectively). Additionally, segmented
RFX, including those with at least 1 grade II or III fracture,
were significantly different (0.0 [0.0-0.0] versus 1.0 [0.0-

A 21 22 21 18 13 10 2 0 B

4.0]; 0.0 [0.0-0.0] versus 0.0 [0.0-0.5]; 0.0 [0.0-0.0] versus
0.0 [0.0-1.5], p<0.001, respectively).

Additionally, the incidence of flail segments was signifi-
cantly higher in the dHTX group compared to the control,
with rates of 31.2% versus 9.5% (p<0.001). Additionally, a
greater number of patients in the dHTX group exhibited
RFX in the lateral portion, with percentages of 48.4% ver-
sus 31.9% (p=0.011). In terms of the AIS scoring, only the
chest AIS scores and the ISS demonstrated statistical dif-
ferences, with values of 3.0 (2.0-3.0) versus 3.0 (3.0-3.0)
and 14.0 (10.0-22.0) versus 18.0 (13.5-26.5), respectively
(p<0.05).

Among the 64 patients diagnosed with dHTX, the ma-
jority (n=55, 85.9%) were treated with closed thoracostomy.
However, 3 patients (4.7%) underwent exploratory thora-
cotomy due to massive bleeding, 2 (3.1%) required empy-
emectomy and decortication surgeries, and 4 (6.2%) opted
out of drainage procedures because of financial con-
straints, which resulted in the development of fibrothorax
from chronic empyema.

Risk factor analysis using the LASSO regression
model

In our study, we performed a multivariable analysis to
investigate the occurrence of dHTX, employing LASSO re-
gression to prevent overfitting of parameters that demon-
strated statistical significance in the univariate analysis
(Fig. 2). Fig. 2A illustrates how the coefficients were shrunk
by the hyperparameter (1), while Fig. 2B shows the model’s
accuracy through cross-validation. During the cross-vali-
dation, the optimal log (1) was determined to be —3.078. At
this level, only 2 risk factors were identified as significant:
the number of grade III RFX and the depth of occult HTX.
The LASSO regression reduced the coefficient estimates of

A21222221202019181512121210973222

0.65 A

0.60

o
1
/

0.55 A

Coefficients
o
[¢)]
1

|
/‘ |
/ |
Binomial deviance

0.50

&
[6,] o
|
\
\1
[l

Fig. 2. Clinical variables were se-
lected using a least absolute shrink-
age and selection operator (LASSO)
logistic regression model alongside
the rib fracture grade I-Ill scoring
system. (A) Shrinkage of coefficients
by hyperparameter (). (B) Hyperpa-
rameter selection (A) using cross-val-
idation. The dotted line indicates the
value of the harmonic log (L) when
the model error is minimized. In the
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LASSO logistic regression model, 3
variables were selected when log
(A) was =3.078.
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Table 2. Univariable and multivariable analyses of risk factors for delayed hemothorax

Univariable Multivariable
cOR (95% CI of cOR) p-value aOR (95% Cl of aOR) p-value
Depth of HTX 6.68 (3.79-11.78) <0.001 3.79 (2.10-6.85) <0.001
No. of RFX: grade Il 2.15(1.78-2.59) <0.001 1.90 (1.56-2.32) <0.001

cOR, crude odds ratio; Cl, confidence interval; aOR, adjusted odds ratio; HTX, hemothorax; RFX, rib fracture.

70 80 90 100
J

Points L 1 1 1 1 1 1 1 1 1
I T T T T T T T 1
HX-depth 0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
1 3 5 7
No_G3 _RFX_ total ! . ! . L T )
0 2 4 6

Fig. 3. Nomogram predicting the
risk of delayed hemothorax. Each

Total points r T T T T T T T

variable is assigned a score on each
axis. The sum of all points for all
variables is computed and denoted

Linear predictor r T T T T T T

Risk of event r T 1T T T T T 1T 1
0.1 02030405060.708 09

other risk factors to zero.

Prediction model, nomogram, and model
performance

The MLR model, which incorporates 2 risk factors iden-
tified by the LASSO model, is detailed in Table 2. In this
MLR analysis, significant predictors included the depth of
HTX, with an adjusted odds ratio (aOR) of 3.79 (95% con-
fidence interval [CI], 2.10-6.85; p<0.001), and the number
of grade IIT RFX, with an aOR of 1.90 (95% CI, 1.56-2.32;
p<0.001). A nomogram was developed to estimate the indi-
vidual probability of dHTX, as shown in Fig. 3. The area
under the receiver operating characteristic curve (AUROC)
for the proposed model was 0.832, as depicted in Fig. 4.

The optimal cut-off values for these 2 variables were as
follows: HTX depth at 0.5 cm and the number of grade IIT
RFX in the hemithorax at 0. Utilizing these cut-off values,
our model demonstrated a sensitivity of 78.1%, a specificity
of 76.0%, a positive predictive value of 25.0%, and a nega-
tive predictive value of 97.1%.

Discussion

In this retrospective study, our objective was to identify
risk factors for dHTX in patients who have experienced

as the total points. The predicted
probability can be obtained on the
lowest row corresponding to the
sum of total points.

1.00
Ir.eta =0.063
0.75 A Sensitivity: 78.1%
Specificity: 76.0%
- PPV: 25.0%
= NPV: 97.1%
=
=
® 0.50 A
c
[
(]
0.25 A
Model: dHX_hemi-HA_depth+No-G3_RFX_total
Optimal cutoff value: 0.5, 0
P AUC, 0.832 (95% Cl, 0.782-0.883); p<0.001
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Fig. 4. The accuracy of a multivariable logistic regression model
for predicting delayed hemothorax. PPV, positive predictive value;
NPV, negative predictive value; AUC, area under the receiver op-
erating characteristic curve; Cl, confidence interval.

blunt thoracic trauma and either have no HTX or only oc-
cult HTX. Additionally, we aimed to develop a personal-
ized model to predict the necessity for closed thoracostomy
or surgical intervention, thereby enabling quicker deci-
sion-making regarding hospital admission. To our knowl-
edge, this is the first study to propose a prediction model
for dHTX by analyzing RFX patterns, pneumothorax (PC)
degree, and HTX depth, based on initial CT scans. We
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specifically combined these factors to address the limita-
tions noted in previous studies.

In 2005, Bilello et al. [4] conducted a study involving 99
HTXs in 78 patients. They found that when the HTX ex-
ceeded 1.5 cm on chest CT, patients were more likely to re-
quire interventions like closed thoracostomy. Conversely, if
the HTX depth was less than 1.5 cm, many patients could
be managed conservatively. However, the study did not
distinguish in detail between RFX patterns and PC severi-
ty, categorizing them merely as present or absent. These
factors were not identified as significant risk factors for the
occurrence of dHTX.

A prospective observational study by Mahmood et al. [10]
included 81 patients with occult HTX, as confirmed by
chest CT. Of these, 67 were managed expectantly, while 12
underwent closed thoracostomy within 48 hours. The au-
thors clearly defined occult HTX and found no significant
differences in the number of RFX, ISS, or age between the
group that underwent drainage procedures and the group
that did not. They also suggested that patients with an
HTX greater than 1.5 cm on CT are more likely to require
drainage. In our study, the number of RFX was not a sig-
nificant risk factor for the development of dHTX. Howev-
er, our analysis of RFX severity indicated that grade III
REX was a strong risk factor, consistent with findings from
several recent studies [12-14].

Another study by Gonzalez et al. [12] analyzed detailed
RFX patterns, similar to our analysis, but their definition
of dHTX was ambiguous. Additionally, they did not report
the HTX depth on the initial CT scan, which is a critical
criterion for deciding on drainage procedures [12]. A re-
cent study by Ahn et al. [14] identified displaced RFX as
risk factors for dHTX, but they did not specify the initial
volume of HTX. They defined dHTX as either a new oc-
currence in a previously HTX-free state or an increase in
the amount of an existing HTX. The AUROC derived sole-
ly from displaced RFX was 0.681, indicating it is not suffi-
ciently reliable for practical clinical use. Moreover, the ab-
sence of precise criteria for the amount of HTX limits the
creation of effective guidelines. Although both studies
demonstrated an association between displaced RFX and
dHTX, similar to our findings, the definition of displaced
RFX varies significantly. Both studies defined displaced
RFX as a displacement distance of half the rib width [27];
however, the definition of RFX severity has been extensive-
ly debated, and various approaches for external validation
have been conducted [18,20-22]. Therefore, the decision to
define RFX with more than 50% displacement as “dis-
placed” warrants further review and consideration.
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We developed a clear nomogram that predicts the likeli-
hood of developing dHTX based on the number of grade
IIT RFX and the initial volume of occult HTX. We deter-
mined that the optimal cut-off for our predictive model is
an initial occult HTX depth of 0.5 cm in the absence of
grade III RFX. In these instances, the positive predictive
value is 25.0%, and the negative predictive value is 97.1%,
suggesting a minimal risk of dHTX development in these
scenarios.

Occult HTX, which is only detectable through chest CT,
typically does not necessitate immediate interventions such
as closed thoracostomy. In contrast, grade III RFX can be
detected using plain chest radiography. Our study revealed
that the risk of dHTX increases with the number of grade
III RFX, even in patients who do not initially have HTX.
For instance, the nomogram from our study indicates that
patients without HTX but with 3 or more grade III RFX, or
patients without grade III RFX but with an initial HTX
depth of 1.5 cm or more, have a greater than 50% chance
of developing dHTX that requires intervention within ap-
proximately 6 days of admission. The study included pa-
tients hospitalized for more than 24 hours, with interven-
tion-requiring dHTX occurring in 64 cases (9.3%). The
majority (n=55, 85.9%) were managed with closed tho-
racostomy, but 2 of the 3 patients who underwent emergen-
cy exploratory thoracotomy died. Given that dHTX can
occur suddenly and without warning [14], careful monitor-
ing is recommended for these high-risk groups. We believe
our study provides a valuable guideline for the hospitaliza-
tion of patients with RFX, especially in emergency depart-
ment settings where chest CT is not available.

Additionally, the nomogram could also be used as a cri-
terion for deciding whether to admit RFX patients who
present to the emergency department. Our study results
could also inform the design of future prospective studies.
Given that numerous studies have already identified the
degree and number of RFX, along with the PC degree, as
significant risk factors for adverse outcomes [21,23,27], fur-
ther research involving larger sample sizes is necessary to
develop a more reliable predictive model. Nonetheless, our
study has several limitations. First, the retrospective design
may have inadvertently induced selection bias. This is par-
ticularly relevant because our study was based on data col-
lected from a level 1 trauma center where most patients
had chest trauma along with other injuries. For this reason,
induced sedation, including general anesthesia, is com-
mon, and we actively perform closed thoracostomy to pre-
emptively prevent tension HTX or pneumothorax. Patients
who underwent closed thoracostomy early in their admis-
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sion were excluded from the study; however, they might
have had more severe injury patterns. This is a major lim-
itation of our study. Although our study focused on pa-
tients commonly encountered in the emergency depart-
ment who have relatively minor injuries—specifically
targeting those without HTX on initial CT scans and those
with a small amount of occult HTX—and the LASSO re-
gression did not select external thoracic injuries other than
chest injuries as risk factors for dHTX, we believe that fu-
ture meta-analyses of multiple prospective studies will be
necessary to address this limitation. Second, RFX patterns
were recorded only once based on the initial chest CT scan.
Because the degree of RFX displacement changes over time
[28], follow-up examinations with a repeat chest CT were
necessary; however, we could not perform chest CT scans
owing to its cost and safety concerns. Third, to assess
model performance, we employed the receiver operating
characteristic (ROC) curve and area under the curve (AUC)
metrics despite their known limitations [29]. Notably, the
ROC-AUC framework did not show meaningful results in
terms of either positive or negative predictive value [30].
Nonetheless, to adhere to standard analytical practices for
binary classifiers, we utilized the conventional AUC metric
because it continues to be the preferred evaluative standard
[29]. Finally, we did not conduct external validation. Over-
all, future multicenter trials and external validations are
warranted.

The depth of HTX on initial chest CT and the number of
grade IIT RFX significantly influence the risk of developing
dHTX. Based on these findings, we propose a novel nomo-
gram designed for easy application in clinical settings. We
believe this nomogram will enable more proactive moni-
toring of patients at slight risk of developing dHTX. Addi-
tionally, it should help in identifying high-risk patients, in-
forming both patients and caregivers, and guiding the
development of protocols for future prospective studies. To
accurately determine the effect sizes, future large-scale
prospective studies are necessary.
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