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Abstract

Purpose Management of traumatic splenic injury may be operative or non-operative (including embolization and conserva-
tive management). Traditionally, haemodynamic instability has been an indication for operative intervention. We aimed to
report our experience of managing traumatic splenic injury at a regional major trauma centre in the UK over a 4-year period,
with a particular focus on the non-operative management (NOM) of haemodynamically unstable patients.

Methods All patients with splenic injuries admitted to North Bristol NHS Trust from April 2012 to March 2016 were
included. Patients were classified for analyses by injury severity (low or high grade), haemodynamic instability (defined as
a reverse shock index < 1) and management category (operative or non-operative).

Results 106 patients were included. Overall 85.8% of patients received NOM: 79.2% conservative and 6.6% interventional
radiology. Two patients (2.4%) managed conservatively required further intervention. Haemodynamically stable and unstable
patients were equally likely to receive NOM (89.7 and 81.3% respectively, p =1). All unstable patients with low-grade inju-
ries were managed conservatively and only one (2.7%) required further intervention. Two unstable patients with high-grade
injuries (28.6%) underwent NOM successfully.

Conclusions These data support the safe application of non-operative management to haemodynamically unstable patients
with traumatic splenic injury, particularly in those with low-grade injuries. Additional prospective work is required to define

the subgroup of patients for whom this is appropriate and to determine the long-term outcomes of NOM.
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Introduction

Splenic injury occurs in 1.3% of all trauma patients and the
spleen is the most commonly injured abdominal organ in
blunt trauma affecting up to 45% of patients [1, 2]. Splenic
injuries are most commonly the result of road traffic colli-
sions (RTCs), which injure over 180,000 people in Great
Britain each year [2, 3]. Splenic haemorrhage is potentially
life threatening and requires prompt management. Tradi-
tionally this has involved operative splenectomy, but there
has been an increasing appreciation of the immunologi-
cal importance of the spleen and thus attempts at splenic
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preservation are becoming more prevalent. This can be
achieved by operative salvage or non-operative manage-
ment (NOM). The latter has increased over recent decades
since its introduction in paediatric trauma in the 1960s [4, 5],
now accounting for up to 60% of cases [6], and may include
conservative management or an embolization procedure by
interventional radiology. A recent review suggests that the
gold standard for minor splenic injuries is non-operative
treatment, and that non-operative treatment also yields a
lower mortality when managing severe splenic injuries [7].

The traditional approach to decision-making in these
patients has utilized haemodynamic stability as the pri-
mary determinant [4] with a central tenet being that
haemodynamically unstable patients require operative
intervention. Guidance on selective non-operative man-
agement of blunt splenic injuries published by The East-
ern Association for the Surgery of Trauma (EAST) states
that non-operative management should only be considered
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for patients who are haemodynamically stable; indeed,
the sole level 1 recommendation in the guidance is that
haemodynamically unstable patients should undergo
urgent laparotomy [8].

We report our experience of managing traumatic
splenic injury at a regional major trauma centre in the
UK over a 4-year period, with a particular focus on the
non-operative management of haemodynamically unsta-
ble patients. We hope to inform the decision-making in
this potentially challenging group by demonstrating that
such an approach is feasible and can be safely applied to
appropriate patients.

Methods
Data collection

The Trauma Audit and Research Network (TARN) database
was used to identify all splenic injuries admitted to North
Bristol NHS Trust from April 2012 to March 2016. The
TARN registry is a prospective observational registry of
hospitalized patients who have undergone major trauma in
England and Wales. TARN has given ethical approval (Sec-
tion 251) for research on the anonymized data submitted
by member hospitals. Local approval was granted by The
Quality Assurance and Clinical Audit Department (refer-
ence CE6572). The TARN submission and electronic trauma
notes were used to collect data on gender, age, arrival date
and time, haemodynamic variables, mechanism of injury,
injuries sustained, injury severity score (ISS), splenic man-
agement and rationale, other operations, and mortality.
Where these data were missing or incomplete, full case notes
were reviewed.

Patient classification

Splenic injuries were graded according to the American
Association for the Surgery of Trauma (AAST) splenic
injury scale [9] on abdominal computed tomography (CT)
by one radiologist and grouped as low grade (grades I-III)
or high grade (grades IV-V) for further analyses. Clinical
observations from the pre-hospital and emergency depart-
ment documentation were used to calculate a reverse shock
index (rSI) for each patient: the lowest systolic blood pres-
sure (mmHg) divided by the heart rate (bpm). Haemody-
namic instability was defined as a rSI of less than 1 [10].
Patients were grouped by splenic management for further
analysis: non-operative management (NOM), comprising
conservative and interventional radiology, and operative
management (OM).
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Statistical methods

Statistical analyses were performed using RStudio (RStu-
dio, Inc.; Version 1.0.143, 2016). Continuous variables
were assessed for normality using the Shapiro—Wilk test
and compared using independent ¢ tests or Mann—Whit-
ney U test, depending on distribution. Categorical vari-
ables were compared using Chi-squared, Fisher’s exact
test or Cochran—Mantel-Haenszel test as appropriate.
The interactions between variables were compared using
logistic regression before and after adjusting for relevant
confounding factors (age, gender, ISS). p values <0.05
were considered statistically significant; where multiple
comparisons were performed the Bonferroni correction
was applied.

Results
Patients

116 records were identified, of which 10 were excluded
(Fig. 1). The average age of patients was 37.8 years (IQR
22.9-55.1, range 12.7-91.6) with 74.5% male. The most
common mechanism of injury for all patients was RTC
(70.8%).

Grading of splenic injury and injury severity score

The injuries of four patients could not be graded as they were
deemed too haemodynamically unstable to undergo imaging
prior to splenic management. For the remaining 102 patients,
median grade of injury was 3 (IQR 2-3). 86 (84.3%) were
low-grade injuries (grades I-III) with 16 (15.7%) high grade
(grades IV-V). Median ISS for all patients was 27 (IQR
17-38, range 4-66) and did not differ by grade of splenic
injury (p=0.32). Average ISS differed by management strat-
egy at 34 (25-45.5) in those managed operatively versus 25
(16.5-35) in the NOM group (p =0.04).

Management of splenicinjury

Of 106 patients overall, 84 (79.2%) were managed conserv-
atively, 7 (6.6%) by interventional radiology (IR) and 14
(13.2%) operatively. Four patients (3.8%) were too haemo-
dynamically unstable in the emergency department for diag-
nostic imaging and proceeded immediately to the operat-
ing theatre. The four ungraded patients were all male, with
an average age of 44.8 (32.4-53.6) years, and all had been
injured in RTCs. The average ISS was higher than the rest
of the cohort [47.5 (42.25-50) vs 25 (17-37.5), p=0.03].
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Fig. 1 Flow diagram

Two patients who initially underwent conservative man-
agement (2.4%) required further intervention (1 underwent
IR after 5 days; 1 underwent IR after 48 h, with opera-

Records identified from

(n=116)

10 excluded:

2 no splenic injury

— 2 imaging too poor to grade
2 initial splenic management elsewhere
4 died of other injuries (see text)

Patients included
(n =106)

Conservative management
(n=84)

Interventional radiology
(n=7)

Operative management
(n=14)

tive management after a further 24 h) and were classed

All patients
(n=106)

as failed conservative management (Fig. 2). After exclud-
ing those whose injuries were ungraded, the remaining
102 patients were grouped as non-operative management

No imaging prior to operative
management

(n=4)

Conservative
(n=84)

Successful
(n=82)

Fig.2 Flowchart of patient management

Interventional radiology
(n=7)
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(n=2)

Operative
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(NOM; 91, 89.2%) or operative management (OM; 10,
9.8%) for further analyses.

e Management by haemodynamic stability (Fig. 3)

56.9% of patients were haemodynamically stable. Man-
agement did not differ based on haemodynamic stabil-
ity alone: 89.7% of stable patients and 81.3% of unstable
patients received NOM (p=1).

e Management by haemodynamic stability, grouped
according to grade of injury

Management did not differ significantly with haemody-
namic stability in either group of patients. In those with low-
grade injuries (n=286), 91.8% of stable patients and 100%
of unstable patients received NOM (p=0.13). Of those with
high-grade injuries (n=16), 77.8% of stable patients and
40% of unstable patients received NOM (p=0.13).

e Management by grade of injury

There were significant differences in management by
injury severity with 95.3% of low-grade injuries receiving
NOM versus 56.3% of high-grade injuries (p =0.0001).
Grade of injury was significantly lower in the NOM group
with an average of 2 (IQR 2-3) versus 5 (IQR 3-5) for

e Management by grade of injury, grouped according to
haemodynamic stability

In the haemodynamically stable patients, management did
not differ by grade of injury with 91.8% of low-grade and
77.8% of high-grade injuries undergoing NOM (p =0.23).
By contrast, in the unstable patients, management differed
significantly by grade of injury with 100% of low-grade and
28.6% of high-grade injuries receiving NOM (p <0.0001)
(Table 1).

Mortality

Of the 116 cases reviewed, 7 patients died (6.0%), all due
to other injuries. Four of these were excluded from fur-
ther analyses as they died prior to commencement of any
potential treatment for their splenic injuries: three arrived
in traumatic cardiac arrest and died before any management
of injuries was undertaken; one had a devastating neurologi-
cal injury and received no active management. Of the other
three patients, one suffered cardiac arrest in the emergency
department and ultimately died in the operating theatre; the

Table 1 Management by haemodynamic stability and grade of injury

OM (p=0.0001). After adjusting for age, gender, ISS and I;;E;EC ijif; of g\?: n(isrirl; Sﬁif;vrﬁem p value®
haemodynamic stability, the relationship between grade of  stability mentn (%)  n(%)
injury and management was significant: high-grade injury
was associated with an increased likelihood of OM, and low- Stable Low 45018 4@.2) 0.23
grade injury with a reduced likelihood [adjusted OR 14.5 High 7(77.8) 2(22.2)
(3.4-71.7) for high-grade injury; OR 0.07 (0.01-0.28) for ~ Unstable  Low 37100) 0@ 0.00001
low-grade injury; p=0.0004]. High 2286 > (114
*Fisher’s exact test
All patients
(n=102)
I
I I
Stable Unstable
56.9% 43.1%
(n=58) (n=44)
NOM OM NOM OM
89.7% 10.3% 81.25% 18.75%
(n=52) (n=6) (n=39) (n=5)

Fig.3 Management by haemodynamic stability (NOM non-operative management, OM operative management)
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remaining two cases had their splenic injuries managed con-
servatively but died due to other injuries.

Discussion

In this cohort of patients admitted to a major trauma centre
with splenic injuries, 85.8% of patients underwent non-oper-
ative management (NOM): 79.2% conservative and 6.6%
interventional radiology. This high proportion of NOM is in
keeping with the ‘modern management’ of splenic trauma
described in the literature [5]. Of those managed conserva-
tively, only 2.4% required further intervention, one after 48 h
and one after 5 days. No patients died as a direct result of
their splenic injury.

The established literature on this topic has suggested
that haemodynamic instability, regardless of injury sever-
ity, should prompt operative management [11]. By contrast,
we found haemodynamically stable and unstable patients
equally likely to receive non-operative management (89.7
and 81.3% respectively, of whom 90.4 and 94.5% were
managed conservatively). All haemodynamically unstable
patients with low-grade injuries were managed conserva-
tively by observation, with only one such patient requiring
subsequent intervention by IR and then operative manage-
ment. As such, 97.3% of patients with low-grade injuries
and haemodynamic instability managed conservatively
required no further intervention demonstrating that NOM
can be safely applied to such patients. For those patients
with haemodynamic instability and high-grade injuries, the
operative approach would be expected. Our cohort contained
only seven unstable patients with high-grade injuries, the
majority of whom did undergo operative intervention. Two
such patients were successfully managed non-operatively,
but our small sample size precluded further analysis.

The reported benefits of NOM include lower rates of both
systemic infection and mortality [11, 12], but the approach
has also been associated with longer hospital stay [6, 12] and
increased specific morbidity [13], though not consistently
[14]. We did not collect follow-up data to assess these out-
comes. The low complication and re-intervention rates we
report echo attempts to apply NOM to haemodynamically
unstable patients in Holland. They found a similar time to
intervention when compared to operative management, and
a trend towards lower transfusion requirements. However,
only nine NOM and seven surgical cases were included in
the study [15]. Of note, the application of this strategy relies
upon the necessary interventional radiology provision and
as such may be limited in other UK centres without major
trauma centre designation [16].

The notable exceptions were four patients (3.7%) who had
such critical haemodynamic instability that they were una-
ble to undergo trauma protocol CT imaging and proceeded

immediately to emergency laparotomy. Two suffered car-
diac arrest in the emergency department; the remaining two
patients had positive FAST scans. All patients had suffered
multiple high-energy injuries in road traffic collisions and as
a group they had a significantly higher average injury sever-
ity score than the cohort as a whole. These patients likely
represent a distinct cohort of patients in whom operative
intervention is the only feasible management strategy and
as such were analysed separately.

The overall mortality rate of 6% is similar to other
reported cohorts [7]. It is lower than the 22.2-24.5%
reported by the European group above, but this is likely
explained by the presence of a higher proportion of high-
grade injuries [11]. The observed mortality in our patients
was not due to splenic injury, but rather the other injuries
patients sustained.

Limitations

The work describes the practice in a single centre and as
such may not be generalizable to all clinical settings. The
retrospective study design meant we were limited in the
variables and outcomes we could assess. Whilst we have
attempted to adjust for confounding factors, it is possible
there are unmeasured confounders which are not included in
our analyses. We defined haemodynamic instability based on
documented observations, but this may not represent the full
clinical picture. The small number of patients with haemo-
dynamic instability and high-grade injuries limited the con-
clusions that can be drawn from this this group.

Conclusion

Our experience of managing traumatic splenic injuries in a
UK major trauma centre over a 4-year period demonstrates
that non-operative management can be safely applied to
haemodynamically unstable patients. This is in contrast to
traditional teaching and further prospective work should
be undertaken to further define the important subgroup of
patients in whom this is appropriate, and the long-term out-
comes associated with non-operative management.
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