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Hemothorax due to inferior phrenic artery 2
injury from blunt trauma: a case series
and systematic review

Akira Kuriyama' ®, Yumi Kato' and Ryosuke Echigoya'

Abstract

Background Hemothorax is a common complication of thoracic trauma, often associated with morbidity and
mortality. While intercostal and internal mammary arteries are commonly involved, the inferior phrenic artery (IPA)
is rarely the source of hemothorax following blunt trauma. We aimed to investigate the prevalence of IPA-related
hemothorax by describing a single-center case series and to outline the characteristics and management of
hemothorax secondary to IPA injury with a systematic review.

Methods We conducted a chart review of patients with trauma to identify patients with hemothorax due to IPA
injury at a Japanese tertiary care hospital between 2013 and 2019. We performed a systematic review of published
studies about this condition by searching PubMed, EMBASE, and ICHUSHI from their inception to January 18, 2025,
summarizing their clinical characteristics, treatment, and prognosis.

Results Among 231 patients with hemothorax following blunt trauma, 3 (1.3%) were caused by IPA injury. The
systematic review identified published articles for 16 additional reports, yielding 19 reports for analysis. IPA injury

was typically diagnosed after 1 day to 3 weeks post-injury, with 94% of patients presenting with shock. Transcatheter
arterial embolization (TAE) was the primary treatment, although many patients required additional interventions such
as thoracotomy and hematoma evacuation. Complications included pneumonia, and the mortality rate was 11%.

Conclusions Hemothorax due to IPA injury following blunt trauma may be rare and potentially life-threatening.
While endovascular technigues such as TAE were effective in many cases, repeated bleeding and substantial
hematoma necessitated repeat interventions or surgical procedures. Despite an overall favorable prognosis,
significant risks for complications and mortality remained. Thus, early recognition and increased awareness of IPA
injury in patients with trauma are essential for improving outcomes.

Keywords Inferior phrenic artery, Hemothorax, Chest trauma, Transcatheter arterial embolization, Arterial
redistribution
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Introduction

Thoracic trauma is common, occurring in approxi-
mately 60% of patients with polytrauma [1]. Hemotho-
rax accounts for 5.9-31.8% of these cases [2, 3], with a
reported mortality rate of up to 42.3% [4, 5]. Although
most patients with hemothorax can be managed through
observation and/or tube thoracostomy, treatment and
its complications can be costly [6]. Moreover, thoracic
trauma, including hemothorax, can impact long-term
quality of life [7, 8]. Thus, timely and appropriate hemo-
thorax treatment is essential to mitigate individual and
societal burdens.

Hemothorax can result from injury to thoracic struc-
tures and blood vessels [9], with the aorta, pulmonary
arteries, intercostal arteries (ICA), and internal mam-
mary arteries (IMA) representing the primary arteries
implicated [5]. With the increased use of angiography
in trauma assessment, less common sources of bleeding
have been identified, including the inferior phrenic artery
(IPA). The IPA is a paired artery that typically originates
from the abdominal aorta or celiac trunk at the level of
the T12-L2 vertebrae [10, 11], running beneath the
posterior parietal peritoneum and supplying the infe-
rior surface of the diaphragm [10, 11]. Although the IPA
can be involved in penetrating or iatrogenic injuries [12,
13], hemothorax due to IPA bleeding from blunt trauma
has rarely been reported. To the best of our knowledge,
no studies have elucidated the prevalence of IPA injury
among patients with hemothorax due to blunt trauma or
provided an overview of this condition.

We aimed to report three cases of life-threatening
hemothorax due to bleeding from IPA and estimated the
prevalence of this clinical condition. We conducted a sys-
tematic review of similar cases to summarize the charac-
teristics, treatments, and prognoses.

Methods

This study was approved by the Institutional Review
Board of the Kurashiki Central Hospital. To estimate
the prevalence of hemothorax due to IPA injury follow-
ing blunt trauma, we reviewed the institutional registry
and medical charts of patients with trauma from July 1,
2013, to June 30, 2019. Our institution, Kurashiki Central
Hospital, is a 1,131-bed tertiary care hospital located in
Kurashiki, Okayama Prefecture, Japan. Our institution
serves patients from the southwestern region of the pre-
fecture, which has approximately 800,000 residents and
60,000 emergency visits annually. Our institution annu-
ally treated approximately 400 patients with trauma,
including approximately 160 patients with severe trauma,
defined by an Injury Severity Score of >16. Herein, we
describe the patient characteristics and clinical outcomes
associated with hemothorax due to IPA injury.
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We conducted a systematic review of previously pub-
lished case reports and series. We included case reports
and case series from peer-reviewed journals and confer-
ence proceedings on hemothorax with bleeding from the
IPA following blunt trauma, confirmed endovascularly or
during surgery. We excluded cases related to penetrating
trauma, iatrogenesis, and idiopathic bleeding and those
with apparent diaphragmatic injury diagnosed immedi-
ately after injury. The review protocol has been registered
in the University Hospital Medical Information Network
Center (UMIN000056029).

We searched PubMed, EMBASE, and ICHUSHI (Medi-
cal Central Journals in Japanese) databases without lan-
guage restrictions. Our search strategy was based on a
systematic review of the IPA [10], as represented in Sup-
plementary Table 1. We updated our search on January
18, 2025. Additionally, we screened the reference lists of
the included case reports and searched Google Scholar to
further identify potentially relevant reports.

Two authors (AK and YK) independently conducted
the literature search and verified the eligibility of the
reports. Any disagreements or uncertainties were
resolved through discussion with a third author (RE).
When available, we contacted the original authors via
e-mail to assess eligibility for our review or obtain rel-
evant data.

We used descriptive statistics to summarize the clinical
characteristics, treatment, and prognoses of hemothorax
caused by IPA injury in patients with blunt trauma.

Results

Chart review

A total of 708 patients with thoracic trauma, including
231 patients with hemothorax due to blunt trauma, were
treated at our hospital between July 1, 2013, and June
30, 2019. Among them, three patients, comprising 0.4%
(95% confidence interval [CI], 0.1 to 1.2) of all patients
with thoracic trauma and 1.3% (95% CI, 0.3 to 3.7) of
all patients with hemothorax due to blunt trauma, had
hemothorax due to IPA injury. All three patients under-
went TAE performed by attending-level interventional
radiologists.

Case series

Case 1

An 81-year-old male with a history of post-pyloric gas-
trectomy presented to our emergency department (ED)
with right-sided chest pain that developed immediately
after a fall. Chest radiography and computed tomography
(CT) revealed right hemopneumothorax with multiple
right rib fractures (8th—12th). The patient underwent
a right tube thoracostomy, and 250 mL of blood was
drained. Although the vital signs were normal on admis-
sion, systolic blood pressure suddenly decreased to 60



Kuriyama et al. World Journal of Emergency Surgery (2025) 20:34

mmHg at 37 h post-injury. The chest tube collected 700
mL of fresh blood within 1 h, and the blood continued
to drain at >300 mL/h. Repeat CT revealed an enlarged
hemothorax with contrast extravasation near the 11th—
12th fractured ribs (Fig. 1A). Angiography confirmed
active bleeding from the right IPA (Fig. 1B), which was
embolized with N-butyl-2-cyanoacrylate. No obvious
extravasation from the right ICA (11th—12th) or lumbar
artery (L1) was observed. Hemodynamic status normal-
ized after TAE, and the patient was admitted to the inten-
sive care unit (ICU). However, blood restarted to drain
from the chest tube. Another repeat CT scan 7 h post-
TAE showed a massive right hemothorax with extravasa-
tion near the diaphragm and fractured ribs, prompting
tube thoracostomy. Repeat angiography revealed extrava-
sation from the 12th ICA and 1st lumbar artery, which
were completely embolized using a gelatin sponge. After
9 h, the blood flow from the chest tube increased to 200
mL/h, and the patient went into shock. An emergency
thoracotomy was performed. After the evacuation of
approximately 5000 mL of blood from the right pleural
space, we identified a 4 cm laceration in the right hemi-
diaphragm with active bleeding from the IPA. After lac-
eration repair and IPA transfixion suturing, the patient
became hemodynamically stable without further bleed-
ing. During the 24 h period, the patient received 30 units
of red blood cells (RBC), 34 units of fresh frozen plasma
(FFP), and 30 units of platelet concentration (PC). The
patient developed postoperative ventilator-associated
pneumonia but otherwise had a good clinical course and
was transferred to a rehabilitation hospital on day 17 of
hospitalization.

Case 2
An 86-year-old female with a history of hypertension
had fallen and hit her right chest, for which she did not
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seek medical advice 3 weeks before admission. Four days
before referral, she underwent elective total knee arthro-
plasty at another hospital and was started on edoxaban
as an antithrombotic prophylaxis. The patient was found
to have a right hemothorax with shock and was referred
to our hospital. On arrival, the patient was in shock with
a pulse of 91 beats/min and blood pressure of 85/43
mmHg. Tube thoracotomy and resuscitation with blood
components were performed, and approximately 1000
mL of fresh blood was drained. CT revealed the right
hemothorax with contrast extravasation near the frac-
tured ribs (8th—10th), and the 9th ICA was considered
responsible for the bleeding. During angiography, the
8th—10th ICAs were examined, and extravasation from
the 9th ICA was confirmed positive and embolized using
a gelatin sponge. Hemodynamic status normalized after
TAE, and the patient was admitted to the ICU. How-
ever, the chest tube continued to drain at 50 mL/h, and
the patient’s blood pressure gradually decreased. A chest
radiograph obtained at 5 h post-TAE revealed a white-
out of the right lung. Repeat CT showed a right-tension
hemothorax with active bleeding from the right IPA into
the thoracic space without hemoperitoneum (Fig. 2A).
The right IPA was embolized using a gelatin sponge
during repeat angiography (Fig. 2B). During the 14 h of
resuscitation, the patient received 24 units of RBC, 24
units of FFP, and 30 units of PC. Although hemodynamic
status stabilized after repeated TAE, a thoracotomy was
performed to remove the massive hematoma. No active
bleeding was observed intraoperatively; however, a lac-
eration and hematoma were observed in the right lower
lobe and diaphragm, which were adhered to each other.
The right thoracic cavity contained more than 2000 mL
of clotted blood, but no active bleeding was observed.
The patient had an uneventful postoperative course and

Fig. 1 Computed tomography and angiography in Case 1. (A) Enhanced computed tomography revealed a right hemothorax with contrast extravasa-
tion near the fractured rib. (B) Angiography demonstrated active bleeding from the right inferior phrenic artery
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Fig. 2 Computed tomography and angiography in Case 2. (A) Repeat computed tomography revealed a right tension hemothorax and recurrent con-
trast extravasation. (B) New contrast extravasation from the right inferior phrenic artery was identified

Fig. 3 Computed tomography and angiography in Case 3. (A) Computed tomography confirmed a right hemothorax with contrast extravasation into
the pleural space. (B) Initial angiography revealed active bleeding from the right inferior phrenic artery

was transferred to another hospital for rehabilitation on
day 27 of hospitalization.

Case 3

An 89-year-old male with liver cirrhosis due to hepatitis
C virus infection was transferred to our ED after a fall.
Upon admission, physical examination revealed marked
subcutaneous emphysema throughout the patient’s body
with stable vital signs. CT revealed bilateral pneumotho-
rax and mild hemothorax with multiple right rib frac-
tures (6th—8th). The pneumothorax was resolved with
a tube thoracotomy. A slightly bloody pleural effusion
was initially drained at a rate of 20 mL/h from the right
chest tube, which became serous after admission. How-
ever, on day 4, the chest tube suddenly started to drain
fresh blood at a rate of >150 mL/h, and the patient went
into shock. Repeat CT confirmed a right hemothorax
with contrast extravasation near the fractured ribs (7th
and 8th) without hemoperitoneum (Fig. 3A). The right
ICAs (5th—9th) and IPA were examined during angiog-
raphy. Extravasation from the right IPA was identified
and embolized using a gelatin sponge (Fig. 3B). Although
the bleeding stopped after TAE, the patient remained
hemodynamically unstable, with the chest tube draining
at a rate of >100 mL/h, and a transfusion was required.
Repeat angiography performed 9 h after the first TAE

identified a new extravasation from the 7th ICA, which
was embolized using a gelatin sponge. The total blood
drained exceeded 3000 mL. During the course of treat-
ment, the patient required 18 units of RBC, 24 units of
FFP, and 10 units of PC. Although the bleeding was well
controlled with the second TAE, the patient died on day
27 of hospitalization from non-resolving renal failure,
likely associated with liver cirrhosis.

Systematic review

Our search yielded 53 titles and abstracts. After apply-
ing our inclusion and exclusion criteria, 16 case reports
(6 in English and 10 in Japanese) were included (Fig. 4)
[14-29]. In one report, rapid intrathoracic fluid accu-
mulation after pericardiocentesis for cardiac tamponade
raised the suspicion of hemothorax [25]. The details of
the 19 patients, including our three patients, are listed
in Table 1. The median age of the patients was 75 (range,
21-89) years, and 9 (47%) patients were male. The most
common causes of injury were traffic accidents (n=9,
47%) and falls (=8, 42%). The sites of concomitant
abdominal organ injuries were the liver (=6, 32%) and
spleen (1 =3, 16%). Among the 15 (79%) patients with rib
fractures, 13 had multiple rib fractures, with the lower
ribs involved in 10 patients for whom detailed informa-
tion about the rib fractures was available. Seventeen
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Records identified through database searching
- PubMed (n=12)

- Embase (n=13)

- Ichushi (n= 30)

Additional records identified through other
sources

(n=0)

A 4

Records after duplicates removed

Records excluded after screening abstracts

(n= 45)

A 4

(n=10)

A 4

Full-text articles assessed for eligibility
(n=28)

A\ 4

Full-Text Articles Excluded (n=12)
Reasons for exclusion:

1
2.
3.
4
5

6.

Penetrating trauma (n= 2)
Diaphragmatic injury (n= 6)
Postoperative complication (n= 1)
latrogenesis (n= 1)

I[diopathic bleeding (n= 1)
Related to other diseases (n= 1)

Studies included in qualitative and quantitative synthesis
(n=16)

Fig. 4 Study selection

patients (89%) had peri-diaphragmatic organ injuries
including ribs.

IPA injury was diagnosed or manifested in 13 (68%)
patients 1 day or more after the initial injury (range: 1 day
to 3 weeks). One patient (5%) was diagnosed immediately
after injury [21]. All but three patients had involvement
of the right IPA [20, 26, 28]. Four patients had pseudoa-
neurysms [19, 23, 27, 29]. Among the 17 patients with
reported hemodynamic status at the time of diagnosis,
16 (94%) experienced shock, and the remaining patient
exhibited at least tachycardia [17]. Tube thoracostomy
was the mainstay treatment. All but one patient [28]
underwent TAE to treat bleeding from the IPA. Four
patients required an additional TAE to stop bleed-
ing from the ICA (n=4) and IMA (rn=1) in addition to

the IPA. Three patients, including one of our patients,
required thoracotomy and ligation or suture to control
bleeding from the IPA [26, 28]. Furthermore, six more
patients, including one of our patients, required surgical
hematoma evacuation [15, 18—20, 22]. The clinical course
was reported for 15 patients; empyema [27], critical ill-
ness myopathy requiring tracheostomy [15], prolonged
mechanical ventilation [29], ventilator-associated pneu-
monia (our Case 1), and non-resolving renal failure (our
Case 3) were reported in one patient each. Among the
18 patients with reported in-hospital prognoses, 2 (11%)
died.
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hemothorax and intra-abdominal bleeding attributed to
IPA injury. Furthermore, hemothorax could occur due to
the anatomical proximity of the IPA to the diaphragm or
potential communication between the retrocrural space
and pleural cavity [38]. TAE is a safe and effective treat-
ment if the hemodynamic conditions of the patient allow
[33]. However, thoracotomy or laparoscopic intervention
should be considered if there is hemodynamic derange-
ment or anatomical disruption that requires surgical cor-
rection [13].

The manifestation or diagnosis of IPA injury was
delayed in most patients, ranging from 1 h to 3 weeks.
Four potential explanations have been proposed for this
phenomenon. First, given that the IPA is a relatively thin
blood vessel, minor bleeding may take time to manifest
clinically if it is initially undiagnosed. Second, an IPA
injury may be associated with a diaphragmatic injury,
which is often difficult to diagnose and may present later
[39, 40]. Although intraoperative findings were limited
in prior reports, diaphragmatic injury along with IPA
injury was observed during surgery in some cases includ-
ing our patients (Cases 1 and 2). Third, rib fractures with
sharp ends may cause diaphragmatic damage over time
[28]. This can be attributed to the frequent involvement
of the lower ribs in previously reported cases. Hence,
body movements may trigger bleeding from the IPA,
possibly due to displaced fractured bones damaging the
diaphragm. Fourth, blood flow modifications may occur
following embolization of the initial bleeding arter-
ies. Four patients in this review required a second TAE
of other arteries after successful embolization of the
ICA, IMA, or IPA. Since thoracic vessels form a net-
work of collateral arteries, including the IPA [10, 11, 31,
33], embolization of one artery may increase blood flow
to other vessels in bluntly injured areas near the initially
embolized vessels [33]. Thus, even though patients with
hemothorax undergo successful TAE, vigilant monitoring
of bleeding from other arteries near the injured sites is
essential.

Since the prevalence of IPA injury among patients
with hemothorax may be low, screening for IPA injury
in all patients with hemothorax is inefficient. Therefore,
we propose the following management approach. Initial
management should follow the Primary Survey in the
Advanced Trauma Life Support guidelines, prioritizing
patient physiological status. Thoracostomy is the first-
line treatment for hemothorax. However, emergency
thoracotomy is the only option for massive hemothorax
in moribund patients because it is not feasible to identify
the bleeding source otherwise. If an IPA injury is identi-
fied during emergency thoracotomy, IPA ligation should
be performed. Further investigations should be con-
ducted in hemodynamically stable patients. As outlined
in our review, when peri-diaphragmatic organ injury is
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detected, the diaphragm and surrounding organs should
be carefully examined for potential injury. If extravasa-
tion is identified on CT, TAE should be considered. The
ICA and IMA should be considered first because they
are common hemothorax sources. If angiography fails
to identify the bleeding vessels, the IPA or other ana-
tomically close arteries should be considered as potential
bleeding sources. Once bleeding is controlled, patients
should be monitored in the ICU to correct physiologi-
cally unstable conditions such as coagulopathy, acidosis,
and hypothermia. If a patient’s condition deteriorates
after thoracotomy or TAE, reassessment for rebleeding
should be performed. Patients with peri-diaphragmatic
organ injury, lower rib fractures, or hemothorax in the
delayed phase should be closely monitored for bleeding
from the IPA and/or unnoticed diaphragmatic injury or
anatomically close arteries yet to be embolized. In such
patients, it is occasionally necessary to consider surgi-
cal intervention. A treatment algorithm illustrating this
approach is shown in Fig. 5.

Our study has limitations. First, our chart review may
have been susceptible to detection bias. While our insti-
tution utilizes a protocolized management approach
for blunt trauma, not all patients may have undergone
uniform diagnostic procedures for hemothorax based
on patient conditions. Thus, IPA injuries could have
been missed in self-limiting cases or deaths without an
autopsy, potentially resulting in an underestimated prev-
alence of IPA injuries. Second, we could not obtain some
missing data for our systematic review because contact
information for the original authors was lacking. More
reports of similar cases are warranted to better under-
stand the complications associated with this condition.
Third, our literature search may have failed to identify
studies that reported the frequency of IPA injuries in
hemothorax in the full text but not in the abstract, espe-
cially if it was not their primary finding. Finally, although
we conducted a comprehensive literature search using
multiple databases, similar cases may not have been pub-
lished. Clinicians may opt not to present cases when their
patients die from IPA injury, which could lead to a publi-
cation bias. As this condition may be rare, accumulating
similar cases is needed to ensure better recognition and
understanding of this disease.

Conclusions

Hemothorax due to IPA injury following blunt trauma
may be rare and potentially life-threatening. Although
endovascular techniques are effective in many cases,
persistent bleeding and substantial hematoma may
require repeated interventions and surgical procedures.
While the prognosis can be favorable, significant risks
of complications and mortality remain unresolved. Early
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’ Massive hemothorax |

Thoracostomy |

Yes .

Continuous bleeding
* Hemodynamic instability

No

Thoracotomy
* Arterial ligation

- Diaphragmatic repair

Extravasation with CECT
* Caution for IPA injury if
peridiaphragmatic injury present

Yes

No

Interventional radiology

Consider IPA if common arteries
are not the sources of bleeding

Resuscitation and monitoring

e o o e e -

e === e e e = = = ===

Continuing bleeding and/or Respiratory-hemodynamic deterioration

* Rebleeding from the same arteries?
* Bleeding from other anatomically close arteries, including IPA?
* Diaphragmatic injury?

Fig.5 Proposed treatment algorithm for hemothorax due to the potential/definite inferior phrenic artery injury. Abbreviations: CECT, contrast-enhanced
computed tomography; IPA, inferior phrenic artery

recognition and awareness of IPA injury in patients with
trauma are crucial for improving patient outcomes.
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