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BACKGROU N D

Cardiopulmonary resuscitation (CPR) is vital for cardio-
pulmonary arrest (CPA), but chest compression has compli-
cations. Abdominal injuries, especially splenic, are rare.1,2 
Reports of splenic injury from chest compression exist, yet 
splenic injury during in-hospital cardiac arrest is rarer.

CASE PR E SE N TATION

A 74-year-old man was transferred from his local doctor to 
our emergency center because of bloody stools and difficulty 

moving his body. He had a history of hypertension, type 2 
diabetes mellitus, and atrial fibrillation and was taking ri-
varoxaban 15 mg.

On arrival, vital signs were as follows: blood pressure, 
123/62 mmHg; pulse, 96/min; respiratory rate, 20/min; 
SpO2, 96% (room air); body temperature, 36.2°C; and 
Glasgow Coma Scale score, 15. Physical examination re-
vealed epigastric pain and rectal examination revealed 
black stools. His height and weight were 158 cm and 60 kg, 
respectively. Venous blood gas analysis showed lactic ac-
idosis (pH, 7.42; pCO2, 34.4 mmHg; HCO3

−, 22 mmol/L; 
lactate, 4.2 mmol/L). Hematological examination re-
vealed severe anemia (hemoglobin level, 4.7 g/dL), mild 
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Abstract
Background: Cardiopulmonary resuscitation is essential for cardiopulmonary ar-
rest, but complications from chest compressions warrant monitoring. Although rib 
and sternal fractures are common, abdominal injuries are rare, and splenic injuries 
are much rarer.
Case Presentation: A 74-year-old man was admitted to the emergency room with a 
hemorrhagic duodenal ulcer. During hospitalization, the patient went into cardio-
pulmonary arrest due to hemorrhagic shock. Spontaneous circulation returned after 
7 min of cardiopulmonary resuscitation. He underwent transcatheter arterial embo-
lization to stop the bleeding from the duodenal ulcer. The next day, a close examina-
tion of the patient's progressive anemia revealed splenic injury; transcatheter arterial 
embolization was performed to save his life.
Conclusion: It is important to consider the complication of splenic injury in patients 
with cardiopulmonary arrest who have undergone appropriate cardiopulmonary re-
suscitation. A possible mechanism—especially in patients with a full stomach—is the 
squeezing of the spleen by the diaphragm, abdominal wall, and stomach.
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thrombocytopenia (platelet count, 130,000/μL), and kid-
ney injury (serum creatinine level, 1.76 mg/dL), but no co-
agulation abnormalities (international normalized ratio of 
prothrombin time, 1.11; activated partial thromboplastin 
time, 26.2 s; and fibrinogen level, 363 mg/dL). Abdominal 
computed tomography (CT) was unremarkable, except for 
wall thickening of the duodenal bulb to the descending leg 
and inf lammation of the surrounding retroperitoneum, 
no splenomegaly was observed (Figure  1). After admin-
istering intravenous omeprazole 20 mg and transfusing 
red blood cells, an emergency upper gastrointestinal en-
doscopy was performed. The esophagus and stomach were 
clear, and in the duodenum, multiple ulcers were observed 
in the bulbous region, but there was no active bleeding and 
some of the ulcers were scarred (Figure 1). The observation 
was uneventful, and strong gastric wall traction was not 
performed. The patient was admitted to the intensive care 
unit ward for observation after confirming spontaneous 
hemostasis.

At 1 h after admission, the patient complained of epi-
gastric pain and nausea. He vomited fresh blood, his level 
of consciousness decreased, and he went into CPA with 
a pulseless electrical activity rhythm. Appropriate CPR 
was performed by experienced emergency center staff; the 
patient was intubated and return of spontaneous circula-
tion (ROSC) was achieved after 7 min. Emergency upper 

gastrointestinal endoscopy was performed again, reveal-
ing a large blood clot in the stomach and active bleeding 
from a duodenal bulb ulcer, which seemed to be the one 
found during the first endoscopy. Endoscopic hemostasis 
was unsuccessful (Figure 1), and emergency transcatheter 
arterial embolization (TAE) was performed. Extravasation 
into the duodenal lumen was observed from the right gas-
troepiploic and anterior superior pancreaticoduodenal ar-
teries. Metal coil embolization procedures were performed, 
and hemostasis was achieved (Figure  2). After TAE and 
massive transfusion (38, 30, and 10 units of red blood cells, 
fresh-frozen plasma, and platelets, respectively), the pa-
tient was resuscitated from severe hemorrhagic shock and 
his general condition stabilized.

On day 2, his hemoglobin level dropped from 9.2 (at 7:00; 
10 h after ROSC) to 7.4 (at 11:00) g/dL (Table 1), although phys-
ical examination did not reveal purpura or swelling in the ab-
domen suggestive of trauma. The third upper gastrointestinal 
endoscopy showed no active bleeding. Abdominal ultrasound 
showed fluid accumulation around the spleen, suggesting 
intra-abdominal bleeding; therefore, urgent CT was per-
formed. Intra-abdominal hemorrhage around the spleen and 
pseudoaneurysm from the suprasplenic pole into the abdomi-
nal cavity were observed. Consequently, we diagnosed grade-II 
spleen injury per the American Association for the Surgery 
of Trauma classification and grade-II splenic injury per the 

F I G U R E  1   (A, B) On admission, plain computed tomography of the abdomen shows wall thickening and fat stranding in the duodenal bulb and 
descending leg (arrow). (C) No fluid collection is observed around the liver and spleen. (D) The first upper gastrointestinal endoscopy shows ulcers in 
the duodenal bulb, but no active bleeding and scarring. (E, F) The second gastrointestinal endoscopy shows a large blood clot in the stomach and active 
bleeding from the duodenal bulb ulcer. Hemostasis by clipping was not achieved.
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Japanese Association for the Surgery of Trauma classification. 
We found a large volume of contents (CT value: 42–58 HU) 
in the stomach but no extravasation in the stomach or duode-
num. Emergency TAE was performed, and pseudoaneurysm 
from the superior pole branch of the splenic artery into the 
abdominal cavity was observed, similar to the CT findings, 
and stopped by embolization with a gelatin sponge (Figure 2). 
Thereafter, the anemia did not progress.

Multidisciplinary treatment was continued, and on day 
10, the patient gained consciousness and was extubated. The 

patient continued to do well and was transferred to the gen-
eral ward on day 15.

DISCUSSION

We experienced a rare splenic injury during CPR for in-
hospital cardiac arrest due to hemorrhagic shock from a 
duodenal ulcer. Autopsy analyses reveal common chest 
complications, including rib and sternal fractures, and 

F I G U R E  2   (A) Angiography shows extravasation from the right gastroepiploic artery and anterior superior pancreaticoduodenal artery into the 
duodenal lumen (arrow). Clips used for trying to stop bleeding are shown (arrowhead). (B) Metal coils are placed from the gastroduodenal artery to 
these two branches for embolization, and no extravasation is observed. (C, D) Contrast-enhanced abdominal computed tomography on the second 
day shows seudoaneurysm from the spleen (arrow) and a large volume of contents but no extravasation in the stomach (arrowhead). (E) Angiography 
shows evidence of pseudoaneurysm from the upper pole of the spleen (arrow). (F) After embolization of the splenic artery with a gelatin sponge, no 
pseudoaneurysm is observed.

T A B L E  1   The trend of hemoglobin and coagulation system from arrival at our hospital to TAE.

First day Second day

15:00 21:00 01:30 07:00 13:00 20:00

on ER Immediately after ROSC
After TAE of 
duodenal ulcer

After TAE of 
splenic injury

Hb (g/dL) 4.7 8.1 9.8 9.2 6.9 8.1

Platelet count (/μL) 130,000 106,000 64,000 43,000 105,000

PT-INR 1.11 1.26 1.27 1.33 1.29

APTT (sec) 26 >120 68 44 41

Fibrinogen (mg/dL) 363 218 155 215 245

Abbreviations: APTT, Activated Partial Thromboplastin Time; ER, emergency room; Hb, hemoglobin; PT-INR, Prothrombin Time-International Normalized Ratio; ROSC, 
return of spontaneous circulation; TAE, transcatheter arterial embolization.
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anterior mediastinal hematomas, with abdominal issues 
being rarer. The most frequent abdominal complica-
tion is liver injury, while splenic injuries are extremely 
uncommon.1,2

Splenic injuries are often tied to abdominal trauma, yet 
this case lacked such trauma and physical signs of abdominal 
force. Other external forces may be associated with splenic 
injury. The thin splenic capsule, lacking muscle, is vulner-
able to external force3; thus, splenic injury may occur when 
the spleen is squeezed between the diaphragm and abdom-
inal wall following a sudden increase in intra-abdominal 
pressure.4 The spleen lies amid diaphragm, stomach, and 
abdominal wall, and its surface meets the stomach's body. 
Thus, a full stomach applies pressure, causing potential 
splenic bleeding.3,5

This patient had CPA because of hemorrhagic shock due 
to a hemorrhagic duodenal ulcer. Additionally, as CT con-
ducted 20 h after ROSC still showed a large volume of blood 
clots in the stomach, gastric dilation may have occurred 
during CPR. Chest compression might have pushed the di-
aphragm down through the pericardium, while the dilated 
stomach, diaphragm, and abdominal wall could have caused 
splenic injury by squeezing the spleen. In a CPR-related 
splenic injury case series, chest compression leading to gas-
trosplenic ligament traction causing vascular injury was 
reported.6

The patient was taking rivaroxaban, and no antagonist 
was administered. Rivaroxaban has been reported to cause 
atraumatic splenic rupture.7 However, in this case, the ab-
sence of splenic hemorrhage on the first CT (Figure 1) and 
its presence on the second CT (Figure  2), after CPR, sug-
gest that the splenic hemorrhage was likely induced by CPR 
rather than spontaneous bleeding. In addition, the patient 
developed secondary coagulopathy following massive du-
odenal ulcer bleeding, which could potentially contribute 
to the splenic hemorrhage. Furthermore, splenomegaly is 
known as a potential risk for splenic injury,8 there was no 
splenomegaly in this case.

Manual and mechanical chest compressions have 
similar complications1 Splenic injury as a complication 
of CPR, is reported with manual chest compressions 
by paramedics9 or bystanders10 and with mechanical 
chest compressions.9,11 Incorrect hand position during 
chest compressions may be a risk factor12; therefore, ap-
propriate position and strength are crucial to prevent 
complications. Our patient had in-hospital cardiac ar-
rest, and CPR by BLS/ACLS providers, ensuring suitable 
technique. Complications of splenic injury in patients 
with in-hospital cardiac arrest who receive appropri-
ate CPR are rare, and prior reports have not described 
the quality of CPR.13 Splenomegaly and postoperative 
anatomical abnormalities are also considered risk fac-
tors but were not present in this case. Therefore, in our 
case, the splenic injury might have been caused by chest 
compression.

If unexpected shock or anemia occurs after cardio-
pulmonary resuscitation, clinicians should perform 

ultrasound and CT examinations to look for hemorrhagic 
complications.

CONCLUSION

We report a rare case of splenic injury as a complication of 
chest compression after CPR for CPA due to hemorrhagic 
shock owing to a bleeding duodenal ulcer. Although liver 
injury is the most common abdominal complication after 
CPR, we should consider that splenic injury may occur after 
chest compressions.
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