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ecent studies have shown that nonoperative management of patients with splenic injury has up to a 90% success rate. However,
delayed hemorrhage secondary to splenic artery pseudoaneurysm occurs in 5% to 10% of patients with up to 27% of patients de-
veloping a pseudoaneurysm on delayed imaging. The goal of our study was to evaluate the safety and utility of delayed computed
tomography (CT) imaging for blunt splenic injury patients.
METHODS: A
 retrospective evaluation of all traumatic splenic injuries from 2018 to 2020 at a single level 1 trauma center was undertaken.
Patients were subdivided into four groups based on the extent of splenic injury: grades I and II, grade III, grade IV, and grade V.
Patient injury characteristics along with hospital length of stay, imaging, procedures, and presence/absence of pseudoaneurysm
were documented.
RESULTS: A
 total of 588 trauma patientswere initially included for evaluation, with 539 included for final analysis. Two hundred ninety-seven
patients sustained grades I and II; 123 patients, grade III; 61 patients, grade IV; and 58 patients, grade V splenic injuries. One hun-
dred twenty-nine patients (24%) underwent either emergent or delayed (>6 hours) splenectomy with an additional six patients hav-
ing a splenorrhaphy on initial operation. Of the patients who were treated nonoperatively, 98% of grade III, 91% of grade IV, and
100% of grade V splenic injury patients underwent follow-up CT imaging. The mean ± SD time from admission to follow-up ab-
dominal CT scan was 5 ± 4.4 days. Twenty-two pseudoaneurysmswere identified including grade III (10 of 84), grade IV (7 of 22),
and grade V (2 of 5) patients; of these patients, 33% of grade III and 30% of grade IV required subsequent splenectomy.
CONCLUSION: R
outine follow-up CT imaging after high-grade splenic injury identifies splenic artery pseudoaneurysm in a significant proportion of
patients. Standardized surveillance imaging for high-grade splenic trauma promotes prospective identification of pseudoaneurysms,
allowing for interventions to minimize delayed splenic injury complications. (J Trauma Acute Care Surg. 2022;93: 113–117.
Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic/Care Management; level IV.

KEYWORDS: S
plenic pseudoaneurysm; imaging; splenic injury; nonoperative management.
B lunt abdominal trauma affects 25% of all patients admitted
after traumatic injury, with blunt splenic injury (BSI) affecting

around 39,000 individuals annuallywithin theUnited States.1,2 The
current management strategies used for those with BSI in-
clude both operative and nonoperative strategies, with more
than 80% of patients being successfully managed nonoperatively.1

The practice of nonoperative management for BSI has been proven
successful in both pediatric and adult trauma patients who remain
hemodynamically stable without evidence of peritonitis.1,3,4 Since
the implementation of computed tomography (CT) imaging,
the practice patterns for intra-abdominal solid organ injury have
changed drastically. Although the use of CT imaging has been
strongly used in the initial management of BSI, the overall utility
of follow-up CT imaging has been widely debated.
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The incidence of splenic artery pseudoaneurysm devel-
opment ranges from 0.2% to 10.4% with an overall incidence
of causing delayed hemorrhage in 2% to 27% of patients.5,6

Prompt identification and treatment of posttraumatic splenic
artery pseudoaneurysm iswarranted, as untreated pseudoaneurysms
may cause delayed hemorrhagic shock and death. Current
evaluation of practice patterns for Eastern Association for
the Surgery of Trauma members found that only 14.5% of
surgeons routinely perform in-hospital follow-up abdominal
CT scans in BSI patients.7 Some authors argued that repeat
CT scans are not needed especially for those with low-grade
splenic injury as the risk of pseudoaneurysm formation is
low. Others have argued that, although the risk of pseudoan-
eurysm development is low, the risk of missing a latent pseu-
doaneurysm with delayed rupture is much greater; as such,
many patients treated nonoperatively receive repeated CT scan
evaluation.8–10

The goal of our study was to retrospectively review the man-
agement strategies used for BSI patients of all grades to determine
the safety of nonoperative management and the effectiveness of in-
tentional follow-up CT scan evaluation to identify latent splenic
pseudoaneurysms. We hypothesized that a dedicated delayed CT-
angiogram would appropriately identify splenic pseudoaneurysms
after high-grade BSI, allowing for intervention before discharge
from the index hospital admission.
113
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TABLE 1. Patient Demographics, Injury Characteristics

Patient Demographics Mean ± SD

Age, y 44.06 ± 18.9

BMI, kg/m2 28.87 ± 8.4

% Female (n = 216) 40%

Hospital length of stay, d 8.52 ± 8.7

Injury Severity Score 24.26 ± 13.1

AIS abdomen 3.07 ± 1.1

% Death (n = 46) 8.5%

No. days from hospital admission to CT scan 5 ± 4.4

AIS, Abbreviated Injury Scale; BMI, body mass index.
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PATIENTS AND METHODS

Data Collection
Following an initial retrospective study of solid organ

pseudoaneurysm development, an institutional protocol was
changed to plan for dedicated repeat CT-angiograms for all
grades IV and V solid organ injuries as well as grade III solid
organ injuries with concern for contrast blush or pseudoaneu-
rysm on admission CT.11 A retrospective review of all traumat-
ically injured patients who sustained blunt injury to the spleen
was evaluated at a single level 1 trauma academic institution
from 2018 to 2020. All patients who sustained splenic injury
were further subdivided into four groups based upon the extent
of splenic injury using the AmericanAssociation for the Surgery
of Trauma splenic injury scoring system: grades I and II, grade
III, grade IV, and grade V.12 The outcomes of interest included
emergent versus delayed (>6 hours) splenectomy, splenorrhaphy,
emergent or delayed (>6 hours) interventional radiology (IR)
procedure, follow-up CT imaging, presence/absence of splenic
pseudoaneurysm, and outcomes after identification of pseudo-
aneurysm. Patient demographics were collected through the
electronic medical record including patient sex, weight, height,
age, Injury Severity Score, Abbreviated Injury Scale score, inpa-
tient admission unit, discharge location, and days to CT scan
evaluation. Patients who sustained a grade I or II splenic injury
were only included in follow-up imaging if they had a positive
scan; otherwise, they were not included.

This study was performed and analyzed within the
STrengthening the Reporting of OBservational studies in Epidemi-
ology guidelines, which are referenced in the Supplemental Digital
Content (Supplementary Data 1, http://links.lww.com/TA/C424).

RESULTS

Study Population Demographics
Five hundred eighty-eight patients were initially included

in the study. Forty-nine patients experienced penetrating injuries
and therefore were excluded, leaving a total of 539 patients for
evaluation. The most common causes for blunt traumatic injury
were as follows: motor vehicle collision, 55% (n = 298); fall,
16% (n = 89); pedestrian struck, 13% (n = 72); motorcycle
collision, 9% (n = 49); and other, 5% (n = 31) (Supplemental
Digital Content, Supplementary Data 2, http://links.lww.com/
TA/C425). The mean ± SD age of the study population was
44 ± 19 years with a body mass index of 28.87 ± 8.40 kg/m2

and 40% being female (n = 216) (Table 1). The average Injury
Severity Score was 24.26 ± 13.15, and the Abbreviated Injury
Scale score of the abdomen was 3.07 ± 1.07 (Table 1). Two hun-
dred ninety-seven patients were classified as having a grade I
and II injury, 123 patients with grade III, 61 patients with grade
IV, and 58 patients with grade V splenic injury. The mean ± SD
hospital length of stay was 8.52 ± 8.65 days with the mean ± SD
time to follow-up CT imaging being 5.0 ± 4.4 days (Table 1).
Forty-six patients died (8.53%) during hospitalization. Nine pa-
tients died immediately upon arrival to the emergency department,
with the remaining 37 patients who died during hospitalization:
grade II, 40% (n = 15); grade III, 24% (n = 9); grade IV, 14%
(n = 5); and grade V, 22% (n = 8). Mortality was not directly at-
tributed to the splenic injuries alone. Of the patients who did not
114
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receive follow-up imaging, 2 of 425 patients died during their
initial hospitalization secondary to polytraumatic injuries and
were transitioned to comfort care measures.

CT Identification of Splenic Pseudoaneurysm and
Management Strategies Employed

One hundred twenty-nine patients (24%) underwent either
emergent or delayed splenectomy with an additional six patients
having a splenorrhaphy on initial operation. Sixteen patients
(3%) underwent emergent or delayed IR procedure (Table 2).
Of all evaluated BSI patients, only 11 (2%) were diagnosed with
definitive or possible splenic pseudoaneurysm on initial ad-
mission CT imaging (Table 3). One hundred fourteen patients
with grade III or greater splenic injury received follow-up im-
aging. Ninety-eight percent of grade III patients, 91% of grade
IV patients, and 100% of grade V splenic injury patients re-
ceived follow-up imaging (Table 2). There were 22 new splenic
pseudoaneurysms detected on follow-up imaging: 10 in grade III
(11% of all grade III follow-up imaging patients), 7 in grade IV
(29% of all grade IV follow-up imaging patients), and 2 in
grade V (40% of all gradeV follow-up imaging patients) splenic
injured patients (Table 3). The percentages of detected splenic
pseudoaneurysms in nonoperative patients were 1% in grades I
and II, 11% in grade III, 29% in grade IV, and 40% in grade V
injury (Table 3).

With regard to the grade III injury patients who received
repeat CT imaging, 53% underwent repeat imaging because of
concerns for either pseudoaneurysm development or for specific
follow-up on the splenic injury, 26% of patients had follow-up CT
imaging for abdominal pain/fevers/concern for abscess formation,
and 21%of patients had repeatCT imaging to followother traumatic
abdominal injuries. Six of the grade III patients received follow-up
imaging after initial hospitalization. Three patients received imag-
ing because of clinical concerns for abdominal abscess formation,
the other three were because of hypoxia and fall, and one patient
had departed the initial hospitalization against medical advice.

Twenty-two patients underwent IR procedure after diag-
nosis of a splenic pseudoaneurysm on follow-up imaging:
67% of grades I and II patients (n = 4), 53% of grade III patients
(n = 8), 80% of grade IV patients (n = 8), and 100% of grade V
patients (n = 2) (Table 3). Four patients did not undergo splenic
embolization, including three grade III patients and one grade V
patient (Table 3), without subsequent clinical decompensation.
Eight patients underwent a splenectomy after identification of
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Description of BSI Management by Grade

Grade of Splenic Injury Total (n) Splenectomy Splenorrhaphy IR Procedure No. Patients Require Follow-up Imaging % Follow-up Imaging

Grades I and II 297 4 6 3 — —

Grade III 123 35 0 8 87 99

Grade IV 61 37 0 5 22 92

Grade V 58 53 0 0 5 100

Total 539 129 6 16 114
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splenic pseudoaneurysms on follow-up imaging: 33% of grade
III (n = 5) and 30% of grade IV (n = 3) (Table 3). Decisions
for IR intervention and splenectomy after pseudoaneurysm iden-
tification were based on collaborative decision making between
the trauma and IR faculty taking the size, number, and location
of the identified pseudoaneurysms.

DISCUSSION

In this retrospective review of all blunt abdominal trauma
patients sustaining splenic injury at a single level 1 trauma cen-
ter, we found that 75% of all patients were successfully managed
nonoperatively regardless of splenic grade. Overall, only eight
patients were considered failures of nonoperative management
requiring splenectomy after 24 hours during their hospitalization
(five grade III patients and three grade IV patients). With a new
protocol for repeat CT in place, more than 90% of patients with
grade III or higher splenic injuries had routine follow-up imag-
ing, with 22 new splenic pseudoaneurysms identified. The aver-
age time from hospital admission to first follow-up CT scan was
5 days.

Routine use of follow-up CT scans in patients after BSI
is not widely accepted. Authors including Lawson et al.13 and
Shapiro et al.14 have provided evidence to support the abandon-
ment of follow-up imaging in BSI patients who are otherwise
hemodynamically stable without abdominal complaints, as they
provide no further evidence to aid in patient management while
hospitalized. Researchers used a standardized protocol for all
BSI patients whereby, if patients displayed hemodynamic insta-
bility, they received follow-up CT imaging or, in asymptomatic
patients, all BSI patients received follow-up imaging. They found
that, of the 100 scans reviewed, only 10% of scans appeared to
have worsened, warranting 3 patients to undergo splenectomy
for late onset bleeding.14 In our study cohort, 114 patients re-
quired follow-up imaging with identification of 22 new splenic
TABLE 3. Management of Splenic Pseudoaneurysm Based Upon Gra

Grade of Splenic
Injury

Splenic PSA
on Initial
Imaging

Splenic PSA
on Follow-up
Imaging

% PSA Detected in All
Patients Without

Undergoing Splenectom

Grades I and II 3 3 1

Grade III 5 10 11

Grade IV 3 7 29

Grade V 0 2 40

Total 11 22 —

PSA, pseudoaneurysm.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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pseudoaneurysms of which 18 patients had an IR procedure with
intervention and 8 underwent a delayed splenectomy. Further-
more, Allins et al.15 found that, although a standardized pro-
tocol was also used for all BSI patients, the follow-up CT scan
result was of limited use for clinical decision making and was
not found to be the principal reason in the decision to operate.
Researchers also found that CT scans were performed at var-
iable intervals and strict adherence to protocol was under-
used.15 By contrast, we found in our study that we had 98%
adherence for grade III, 91% for grade IV, and 100% for grade
V BSI patients with respect to follow-up imaging. Based upon
our cohort of patients, we recommend that routine follow-up
imaging and dedicated CT with intravenous contrast should
be performed in all BSI patients grades IV and above and se-
lected grade III patients (those with small or possible pseudoan-
eurysm on initial CT imaging or those with concern for delayed
bleeding), as the rate of pseudoaneurysm formation is 11% to
40% in these patients.

Delayed onset of pseudoaneurysm formation is a well-known
complication after BSI, affecting 5% to 35% of patients.10,16,17

The most feared complication after nonoperative management
of BSI patients is delayed splenic rupture. The overall mortality
of simple splenic rupture is around 1%; however, the risk of
mortality increases 10-fold when found to develop in a delayed
fashion.18 Muroya et al.16 found that 15.4% of patients with BSI
presented with delayed formation of splenic pseudoaneurysm
with 30.4% occurring in grade II splenic injuries and 18.4% oc-
curring in grade III splenic injuries and recommended follow-up
CTwithin 1 week of BSI to ensure adequate visualization of
delayed splenic pseudoaneurysm, even in low-grade injury
patients (grade II or III), to prevent delayed splenic rupture.
In our study population, we identified 22 delayed splenic
pseudoaneurysms, 11% in grade III, 31% in grade IV, and 40%
in grade V patients. Similarly, we found that the average time to
follow-up imaging was 5 days with more than 91% compliance
de of Splenic Injury

y
IR

Procedure

% Patients Had Delayed
IR Procedure After

PSA Detection
Repeat
Imaging Splenectomy

4 67 0 0 (0%)

8 53 7 5 (33%)

8 80 3 3 (30%)

2 100 0 0 (0%)

22 — 10 8

115
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with grade III injury and higher. Because there continues to be
discordance on the recommendations for follow-up imaging,
especially for low-grade splenic injury patients, it becomes in-
creasingly important to review internal management practices
and create a standardized protocol based upon the patient popu-
lation being treated.19–21 At our institution, we routinely plan to
repeat CT imaging for all grade IVand V BSI patients. However,
in this retrospective review, we have shown a significant pro-
portion of patients with grade III injury that could benefit
from follow-up imaging to prevent long-term complications.
As such, we recommend routine follow-up imaging at 5 days af-
ter admission for all grade IVand V injuries with select grade III
(indications as stated above) repeat CT based on characteristics
of the admission CT to achieve maximal identification of de-
layed pseudoaneurysm formation.

Our study does have its limitations. First, this study is
retrospective and includes evaluation of a single institutional
practice for BSI patients. As such, the data may be difficult
to generalize to all trauma center experiences because our pa-
tient population may be vastly different than other level 1 centers.
However, we identified more than 500 patients with varying BSI,
which aids in the applicability of our analysis to make recom-
mendations. Second, for all grades I and II splenic injury pa-
tients, we did not capture all patients who received follow-up
imaging; we only identified those who had positive CT scans
for pseudoaneurysm formation. Therefore, we are unable to
make any additional conclusions about our practice patterns
for low-grade splenic injury patients because it is difficult to de-
termine how frequently these low-grade patients were reimaged.
Third, over the study period, we have used up to four CT imag-
ing machines with differing capabilities for imaging size and
number of slices obtained per image. Because this study is retro-
spective, the use of each specific scanner was not identified and
sowe cannot comment on the importance of specific CT technol-
ogy regarding optimal identification of splenic pseudoaneurysms.
Furthermore, at our institution, the protocol of follow-up imaging
includes a CT scan with intravenous contrast. We do not currently
use ultrasonography for high-grade splenic trauma patients be-
cause this modality has not been proven to be superior to CT im-
aging andmay also be difficult to adequately survey deep visceral
vessels such as the splenic arterial system.22–24 Lastly, we recog-
nize that some of the follow-up CT imaging that was documented
was ordered for other reasons outside of pseudoaneurysm de-
tection such as to evaluate for infection or progression of other
nonsplenic injuries.

In conclusion, we found that routine follow-up CT imag-
ing after splenic injury identifies splenic artery pseudoaneurysm
in a significant proportion of patients. Standardized surveillance
imaging for high-grade splenic trauma promotes prospective
identification of pseudoaneurysms, allowing for interventions
to maximize splenic preservation. Based on this retrospective re-
view, we recommend routine follow-up imaging for BSI patients
grades III and above to identify latent splenic pseudoaneurysm
formation and prevent potential complications secondary to this
pseudoaneurysms and delayed splenic rupture.

AUTHORSHIP

T.E.W. contributed in the literature search, data analysis/interpretation,
data collection, and writing. K.C. contributed in the data collection and
116

Copyright © 2022 Wolters Kluwer H
data analysis. M.R.B. contributed in the data analysis and manuscript
revisions. R.P. contributed in the data collection and data analysis.
J.L. contributed in the data collection and data analysis. T.A.P. contrib-
uted in the manuscript revision and data interpretation. A.T.M. con-
tributed in the manuscript revision and data interpretation. M.D.G
contributed in the critical revision, data interpretation, writing, and
study design.
DISCLOSURE

The authors declare no conflicts of interest.
REFERENCES
1. Waseem M, Bjerke S. Splenic Injury. Treasure Island, FL: StatPearls; 2021.
2. Zarzaur BL, Kozar RA, Fabian TC, Coimbra R. A survey of American As-

sociation for the Surgery of Trauma member practices in the management
of blunt splenic injury. J Trauma. 2011;70(5):1026–1031.

3. Stylianos S. Compliance with evidence-based guidelines in children with
isolated spleen or liver injury: a prospective study. J Pediatr Surg. 2002;
37(3):453–456.

4. Peitzman AB, Heil B, Rivera L, Federle MB, Harbrecht BG, Clancy KD,
et al. Blunt splenic injury in adults: multi-institutional study of the Eastern
Association for the Surgery of Trauma. J Trauma. 2000;49(2):177–187; dis-
cussion 87-9.

5. Agrawal GA, Johnson PT, Fishman EK. Splenic artery aneurysms and
pseudoaneurysms: clinical distinctions and CT appearances. AJR Am J
Roentgenol. 2007;188(4):992–999.

6. Kittaka H, Yagi Y, Zushi R, Hazui H, Akimoto H. The investigation of post-
traumatic pseudoaneurysms in patients treated with nonoperative man-
agement for blunt abdominal solid organ injuries. PLoS One. 2015;10(3):
e0121078.

7. Fata P, Robinson L, Fakhry SM. A survey of EAST member practices in
blunt splenic injury: a description of current trends and opportunities for im-
provement. J Trauma. 2005;59(4):836–841; discussion 41-2.

8. Sharma OP, Oswanski MF, Singer D. Role of repeat computerized tomogra-
phy in nonoperative management of solid organ trauma. Am Surg. 2005;
71(3):244–249.

9. Thaemert BC, Cogbill TH, Lambert PJ. Nonoperative management of splenic
injury: are follow-up computed tomographic scans of any value? J Trauma.
1997;43(5):748–751.

10. Weinberg JA, Magnotti LJ, Croce MA, Edwards NM, Fabian TC. The utility
of serial computed tomography imaging of blunt splenic injury: still worth a
second look? J Trauma. 2007;62(5):1143–1147; discussion 7-8.

11. WagnerML, Streit S, Makley AT, Pritts TA, GoodmanMD. Hepatic pseudo-
aneurysm incidence after liver trauma. J Surg Res. 2020;256:623–628.

12. Kozar RA, Crandall M, Shanmuganathan K, Zarzaur BL, Coburn M,
Cribari C, et al, AAST Patient Assessment Committee. Organ injury scaling
2018 update: spleen, liver, and kidney. J Trauma Acute Care Surg. 2018;
85(6):1119–1122.

13. Lawson DE, Jacobson JA, Spizarny DL, Pranikoff T. Splenic trauma: value
of follow-up CT. Radiology. 1995;194(1):97–100.

14. ShapiroMJ, Krausz C, DurhamRM,Mazuski JE. Overuse of splenic scoring
and computed tomographic scans. J Trauma. 1999;47(4):651–658.

15. Allins A, Ho T, Nguyen TH, Cohen M, Waxman K, Hiatt JR. Limited value
of routine followup CT scans in nonoperative management of blunt liver and
splenic injuries. Am Surg. 1996;62(11):883–886.

16. Muroya T, Ogura H, Shimizu K, Tasaki O, Kuwagata Y, Fuse T, et al. De-
layed formation of splenic pseudoaneurysm following nonoperative manage-
ment in blunt splenic injury: multi-institutional study in Osaka, Japan. J
Trauma Acute Care Surg. 2013;75(3):417–420.

17. Weinberg JA, Lockhart ME, Parmar AD, Griffin RL, Melton SM,
Vandromme MJ, et al. Computed tomography identification of latent pseu-
doaneurysm after blunt splenic injury: pathology or technology? J Trauma.
2010;68(5):1112–1116.

18. Sizer JS, Wayne ER, Frederick PL. Delayed rupture of the spleen. Review of
the literature and report of six cases. Arch Surg. 1966;92(3):362–366.

19. Haan JM, Boswell S, Stein D, Scalea TM. Follow-up abdominal CT is not
necessary in low-grade splenic injury. Am Surg. 2007;73(1):13–18.

20. McCrayVW,Davis JW,LemasterD, Parks SN. Observation for nonoperativeman-
agement of the spleen: how long is long enough? J Trauma. 2008;65(6):1354–1358.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.



J Trauma Acute Care Surg
Volume 93, Number 1 Wallen et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by fU

9R
K

m
26eP

fqG
oX

2S
jqP

m
A

vW
D

O
q/5K

O
F

F
0O

qQ
D

M
S

C
S

xI2P
G

N
y

fV
X

Y
O

reshW
99M

A
09ts72nkW

gW
oG

J0vnnk/6jT
T

6K
Z

8ng7/p+
blyhZ

C
C

yiT
3P

C
Q

ekK
S

ivF
aqS

9jjxaT
/A

C
g3qybS

3uU
Q

Lyn0Q
fuzE

J7Q
O

R
P

+
G

U
rrtm

A
O

p+
0sU

54C
Z

If3Y
6nt0xllIfzJF

ug/ on 05/22/2024
21. Stylianos S. Evidence-based guidelines for resource utilization in children
with isolated spleen or liver injury. The APSATrauma Committee. J Pediatr
Surg. 2000;35(2):164–167; discussion 7-9.

22. Katyal S, Oliver JH 3rd, Buck DG, Federle MP. Detection of vascular com-
plications after liver transplantation: early experience in multislice CT
angiography with volume rendering. AJR Am J Roentgenol. 2000;175(6):
1735–1739.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer H
23. Kruger K, ZahringerM, Sohngen FD, Gossmann A, Schulte O, Feldmann C,
et al. Femoral pseudoaneurysms: management with percutaneous thrombin
injections—success rates and effects on systemic coagulation. Radiology.
2003;226(2):452–458.

24. Saad NE, Saad WE, Davies MG, Waldman DL, Fultz PJ, Rubens DJ.
Pseudoaneurysms and the role of minimally invasive techniques in their
management. Radiographics. 2005;25(Suppl 1):S173–S189.
117

ealth, Inc. All rights reserved.


