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Abstract

Background Main concern during the practice of selective non-operative management (SNOM) for abdominal stab
wounds (SW) and gunshot wounds (GSW) is the potential for harm in patients who fail SNOM and receive a delayed
laparotomy (DL). The aim of this study is to determine whether such patients suffer adverse sequelae because of
delays in diagnosis and treatment when managed under a structured SNOM protocol.

Methods 190 patients underwent laparotomy after an abdominal GSW or SW (5/04-10/12). Patients taken to operation
within 120 min of admission were included in the early laparotomy (EL) group (n =153, 80.5 %) and the remaining in
the DL group (n =37, 19.5 %). Outcomes included mortality, hospital stay, and postoperative complications.

Results The median time from hospital arrival to operation was 43 min (range: 17-119) for EL patients and
249 min (range: 122-1,545) for DL patients. The average number and type of injuries were similar among the
groups. Mortality and negative laparotomy were observed only in the EL group. There was no significant difference
in the hospital stay between the groups. The overall complications were higher in the EL group (44.4 vs. 24.3 %,
p =0.026). DL was independently associated with a lower likelihood for complications (OR 0.39, 95 % CI 0.16-0.98,
p =0.045). Individual review of all DL patients did not reveal an incident in which complications could be directly

attributed to the delay.
Conclusions

In a structured protocol, patients who fail SNOM and require an operation are recognized and treated
promptly. The delay in operation does not cause unnecessary morbidity or mortality.

Introduction

The emergence of “selective conservatism” as an alternative
to routine laparotomy for penetrating abdominal injuries
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[1, 2] laid the cornerstones of a new therapeutic approach in
trauma surgery. A large body of literature from South Africa
and the U.S. reported encouraging results with selective non-
operative management (SNOM) for abdominal stab wounds
(SW) and gunshot wounds (GSW) [3-7]. SNOM has been
shown to decrease the rate of unnecessary laparotomies,
shorten hospital stay, and produce significant cost savings [7].

SNOM is an active process and may switch to a lapa-
rotomy if the hemodynamic condition or the abdominal
clinical exam changes [8]. For those patients who “fail”
SNOM and eventually require surgical intervention, there
is concern that the delay in treatment may cause significant
complications. This study evaluated the outcome of
SW and GSW patients who were initially managed
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non-operatively but later needed a laparotomy. We hypoth-
esized that if SNOM is offered properly under a structured
protocol, such delays do not lead to adverse events.

Materials and methods
Patients

After Institutional Review Board approval, the medical
records of all SW and GSW patients, who received a lap-
arotomy at the Massachusetts General Hospital, an aca-
demic Level 1 Trauma Center, from May 1 2004 through
October 31 2012 were reviewed. Patients who underwent
an emergency room thoracotomy or died shortly after
arrival were excluded. Throughout this period, the Trauma
Center was covered around the clock by a trauma team,
including in-house trauma attending surgeons.

Clinical protocol

A structured SNOM protocol was used to determine the
appropriate patients for non-operative treatment. In the
presence of hemodynamic instability, diffuse abdominal
tenderness, and evisceration, an immediate operation was
offered. All other patients were considered eligible for
SNOM. Abdominal computed tomography (CT) was used
liberally in SNOM patients. Whereas initially some non-
evaluable patients were managed by an immediate laparot-
omy, we gradually switched to SNOM with the assistance of
CT for all such patients. CT images were interpreted by an
attending radiologist (covering the Trauma Center 24/7) in
the presence of the attending trauma surgeon.

SNOM patients were admitted to a dedicated observa-
tion unit and monitored closely for 12-24 h. Serial clinical
exams were performed in frequent intervals according to
the patient’s acuity and at minimum every 4 h. Although
the preferred course required the same physician (attending
and/or senior resident) to perform the serial exams, this was
not always feasible when the day and night float teams
changed. However, a detailed “pass-off” was part of the
routine and the two teams (outgoing and incoming) per-
formed one clinical exam together to ensure they agree on
the findings. After the period of observation in the dedi-
cated unit, the patients were either moved to a regular ward
bed or discharged. If during the observation period the
patient either developed diffuse abdominal tenderness or
hemodynamic deterioration, the team would promptly
proceed to an operation without further imaging. More
subtle signs such as persistent but only local abdominal
tenderness, vomiting after food challenge, or mild persis-
tent tachycardia without any episodes of hypotension were
considered on a case-by-case basis.

Definitions

Patients taken to operation within 120 min of admission
were included in the early laparotomy (EL) group and the
remaining in the delayed laparotomy (DL) group, indicat-
ing patients who were initially offered SNOM. This 2-h
limit was set arbitrarily on the basis of our center’s infra-
structure, which allows immediate access to resources such
as CT and OR. Our established practice has been to take
patients with penetrating injuries immediately to operation
if the decision is made based on clinical symptoms and
signs. Even if a CT was considered as part of the initial
decision-making, this was immediately available and typ-
ically completed within less than 20 min. Therefore, it was
assumed that if a patient was not taken to the OR within
2 h, a deliberate decision was made against immediate
laparotomy. In parallel to this time points, we evaluated the
medical records to ensure that the notes were consistent
with our classification to EL or DL, and there was no
reason for DL other than an initial decision to manage the
patient non-operatively.

Data and outcomes

Data were collected on the following variables: Age, Gen-
der, Injury Severity Score, Abbreviated Injury Scale for the
abdomen, type of injury (GSW or SW), interval from hos-
pital arrival to the operating room (OR), vital signs and
clinical exam on admission and before surgery, blood pro-
ducts transfused, imaging procedures, operations, morbid-
ity, mortality, and intensive care unit and hospital stay.

EL and DL were compared. Outcomes included post-
operative complications, mortality, and hospital length of
stay. Complications were grouped according to the Cla-
vien—-Dindo classification [9]. If patients had multiple
complications, they were assigned the grade of the most
severe complication. The medical records of all DL
patients were screened in detail to evaluate if any com-
plication was related to the delay.

Statistical analysis

Data were summarized as means £SD, if normally dis-
tributed, as medians with interquartiles, if abnormally
distributed, or as frequencies (%) when appropriate. Two-
sample t-tests, Wilcoxon rank sum tests, or Fisher’s exact
tests were used to compare continuous or categorical
variables. Multivariable analyses using linear and logistic
regression models were performed in order to determine
the effect of the timing of laparotomy on outcomes con-
trolling for other risk factors as well as to identify inde-
pendent predictors for the outcomes. Analyzes were
repeated stratified by type of injury. All analyzes were
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conducted using SAS version 9.3 (The SAS Institute, Cary,
NC). A p value <0.05 was considered statistically
significant.

Results

Of 190 SW and GSW patients, who underwent laparotomy,
153 (80.5 %) were included in the EL group with a median
time of 43 min (range: 17-119 min) from arrival to the
Emergency Department until arrival to the OR. The
remaining 37 (19.5 %) patients were included in the DL
group with a median time to operation of 249 min (range:
122—-1545 min).

Table 1 compares the two groups. There were no dif-
ferences in demographics, injury severity, and admission
hemodynamics. As expected, EL patients had a higher
frequency of positive abdominal ultrasonographic exams
and a greater intraoperative blood loss and blood
transfusion.

Table 2 describes the reasons for laparotomy and the
different type of injuries. There was a higher incidence of
GSW compared to SW among EL patients than DL
patients. Hypotension and diffuse abdominal tenderness on
admission were common reasons for operation among EL
patients. In the majority of the cases, the decision for
laparotomy in DL patients was based on imaging studies or
development of peritonitis during observation. Only 3 DL
patients developed hypotension during observation. Two of
those patients became transiently hypotensive. On explo-
ration, one had a liver laceration and the other an omental
bleeding vessel; both had small amounts of hemoperito-
neum and the injuries were easily controlled. The third
patient was brought to the operating room due to hypo-
tension from an increasing chest tube output. There were
no differences in the type or number of organ injuries
between the two groups. Non-therapeutic laparotomies
were performed only in the EL group (n =5, 3.3 %).

The different outcomes are presented in Table 3. More
EL patients developed complications overall (44.4 vs.
24.3 %, p =0.026). Major complications (grade 3, 4, and 5)
occurred in 28.8 % of EL patients compared to 18.9 % of
DL patients, but the difference did not achieve statistical
significance. ICU and hospital stays were not different
between the two groups; mortality was not different either,
although all 5 patients who died belonged to the EL group.

Complications developed in 9 DL patients and are
described in Table 4. These complications were reviewed
in detail and none was felt to be a result of the delay in
treatment. No DL patient had an anastomotic leak, sepsis,
septic shock, or multi-organ failure. Additionally, there
was no significant difference in the median hospital length
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Table 1 Patient Demographics

Variables Early Delayed p value
laparotomy laparotomy
(N = 153) (N =37
Age (years), mean £+ SD 292 +£12.0 305 £105 052
Gender 0.69
Male, n (%) 146 (95.4 %) 35 (94.6 %)
Female, n (%) 7 (4.6 %) 2 (5.4 %)
Organ Injury Score
ISS, mean + SD 147 £ 8.6 132 +94 0.36
AIS abdomen, 2.8+0.8 2.6 £ 0.7 0.062
mean £+ SD
Hct on arrival, 38.6 £ 5.8 38.6 £ 4.5 0.94
mean £+ SD
Systolic Blood Pressure
On arrival, mean + SD  122.3 £ 31.2 1286 £249 0.21
Before surgery, 113.7 £ 233 1144 + 16.1 0.84
mean £+ SD
Heart Rate
On arrival, mean + SD 96.8 +20.7 97.0+ 215 0.96
Before surgery, 91.5 £20.2 89.9 + 145 0.60
mean £+ SD
GCS on arrival 0.38
GCS (3-7) 11 (7.2 %) /
GCS (8-12) 6 (3.9 %) 1 (2.7 %)
GCS (13-15) 116 (75.8 %) 32 (86.5 %)
GCS unknown 20 (13.1 %) 4 (10.8 %)
Blood loss, median (ml), 700 225 0.002
(Q1-Q3) (300-2000) (100-950)
PRBC intraop, 30+ 6.8 1.7£5.1 0.021
mean £+ SD
FFP intraop, mean + SD 2.1 +4.7 1.1 +£42 0.009
CT scan performed, n (%) 18 (11.8 %) 23 (62.2 %) <0.0001
Time btw. CT and OR 31 (26-45) 104 (65-250)  0.003
(min), median (Q1-Q3)
FAST
Performed and positive, 51 (33.3 %) 4 (10.8 %) 0.008
N (%)
Performed and negative, 49 (32 %) 18 (48.6 %) 0.083
N (%)
Performed and 7 (4.6 %) / 0.35

equivocal, N (%)

Hct hematocrit, PRBC packed red blood cells, FFP fresh frozen
plasma, GCS Glasgow Coma Scale, CT Computer Tomography,
FAST Focused Assessment Sonography of Trauma

of stay between the patients, who developed complications
in the DL and EL groups (7.0 vs. 5.5 days, p =0.09).

The results of the multivariable analysis are summarized
in Table 5. No predictors of mortality were identified due
to the small number of patients who did not survive their
injuries. DL was independently associated with a lower
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Table 2 Description of injury type, indication for surgery, and Table 3 Outcomes
number of surgical procedures performed
Early Delayed p value
Variables Early Delayed p value laparotomy laparotomy
laparotomy laparotomy (N = 153) (N =37
(N = 153) (N =37
No Complications 85 (55.6 %) 28 (75.7 %)  0.026
Time to OR (mll’l), median 43 (34—61) 249 0.0001 Al’ly complication, n (%) 68 (444 %) 9 (243 %)
(Q1-Q3) (172-419) o
T ¢ Infur 0.001 Complication grade 0.30
g’;\; qu s 7180 % : Grade 1, n (%) 6 (3.9 %) 127 %)
o ’ "(7( o) o (51‘6 ;) 30( 8‘1 | ‘Z Grade 2, 1 (%) 18(11.8 %) 127 %)
- o ‘1? (51.6 %) (81.1%) 0.0001 Grade 3, n (%) 31203 %) 5 (155 %)
“Df:‘“‘m b‘;r S“,rgelry o siew = Grade 4, n (%) 8(52%)  2(54 %)
ondernoss o (51.6 %) Grade 5, n (%) 5G3%
admission, n (%) Combined grade 3, 4,5, 44 (28.8 %) 7 (189 %)  0.30
Hypotension on 51333 %) / n (%)
admission, n (%) OR disposition (overall) 0.062
Evisceration, n (%) 23 (15.1 %) 1 (2.7 %) Floor, n (%) 53 (34.6 %) 19 (51.4 %)
Imaging study, n (%) / 13 (35.1 %) ICU, n (%) 76 (49.7 %) 10 (27 %)
Increasing abdominal / 20 (54.1 %) TRACU, n (%) 22 (144 %) 8 (21.6 %)
tenderness during OR Disposition (specific)
observation, n (%) ICU, n (%) 76 (497 %) 1027 %) 0016
HngtenS‘;’“ d““(‘;g) / 361 %) ICU LOS, median 1 (0-2) 0 (0-2) 0.14
observation, 'I’l 0 (QI—Q3)
Number of surgical procedures 0.019 HOS LOS, median 5 (4-9) 7 (5-10) 0.098
Single, n (%) 119 (77.8 %) 35 (94.6 %) (Q1-Q3)
Multiple, n (%) 34 (222 %)  2(5.4 %) Mortality, N (%) 5 (3.3 %) / 0.59
Organ Injury HOS LOS Hospital Length of Stay, ICU LOS Intensive Care Unit
Stomach, n (%) 22 (144 %) 6 (162 %) 0.80 Length of stay, OR operating room, TRACU Trauma Recovery and
Small Bowel, n (%) 53 (34.6 %) 9 (24.3 %) 0.25 Acute Care Unit
Colon/rectum, n (%) 38 (248 %) 9 (243 %)  1.00 ) )
Liver, n (%) 2 275%) 10 27 %) 1.00 Discussion
Spleen, n (%) 18 (11.8 %) 3 (8.1 %) 0.77 I L 11T C th d i ¢
Kidney, n (%) 1172 %) 1 27 %) 0.47 Sr;\IaOMe\ge 'rauma . lfnter wit 'a strlljl((i:tur('e 1po 1Icy O
Bladder, n (%) 32 %) 0(0 %) 1.00 o olr1 p;lt%clan(;sS\Iilll(t)l\/[pengtratm;t:T a11 omln?l (;raulma,
Large vessel/heart, n (%) 37 (242 %) 9 (243 %)  1.00 pa lten s ‘Z dO atl © o anc even ul,ﬁ,treqmre ‘z‘ l'ip_
. arotomy did not suffer unnecessary morbidity or mortality.
Diaphragm, n (% 35 (22.9 % 9243 % 0.83 . .
Phrag % ( & ( 0 This data support the use of SNOM and eases the unjus-
Pancreas, n (%) 11(72%)  6(162%) 0.1 . . .
tified fear of worse prognosis and potential for harm, often
Omentum, n (%) 9 (5.9 %) 1 (2.7 %) 0.69 . . .
Multiole oreans infured 7464 %) 15405 %) 0.8 given as a reason to avoid a trial of SNOM.
u N . 0 o 0 o . . .
" ((75 ) & jured, SNOM has a long history but a slow penetration in the
Negative laparotomies, 5 (3.3 %) / 059 practlces of sur'geons. Although certain groups dealing with
n (%) high penetrating trauma volumes repeatedly showed
Total Injuries, mean = SD 1.8 £ 1.1 17+ 1.1 0.54 excellent results [4, 8, 10], many other groups remained

GSW gunshot wound, SW stab wound

likelihood for any complication and for severe complica-
tions. However, the patients in the DL group were more
likely to stay in the hospital for more than 5 days.

Figure 1 captures the development of complications
according to the intervals from hospital arrival to OR
arrival. As this interval increased, the percentage of
patients who developed postoperative complications
decreased.

skeptical [11-14]. The skepticism was greater for abdom-
inal GSW even if older [7] and more recent [15] studies
have argued that SNOM is safe. Two of the most frequent
arguments against SNOM claimed that: (1) a non-thera-
peutic laparotomy carries minimal risk and (2) a delay of a
therapeutic laparotomy carries significant risk. The first
argument has been proven wrong. Non-therapeutic lapa-
rotomies are associated with complications, which are as
high as 14.5 and 41.3 % in retrospective and prospective
studies, respectively [16, 17]. The second argument
became the objective of our study.
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Table 4 Complications of the delayed laparotomy patients

Age ISS AIS Type Timeto Complication ICU HOS
abd. wound OR LOS LOS
(min)
28 18 GSW 122 Liver Pseudoaneurysm, requiring angiogram and hepatic artery branch embolization 0 5
49 9 3 SW 127 Wound infection 0 6
20 41 GSW 128 Dehiscence of abdominal fascia; abdominal abscess requiring drainage; Clostridium 23 41
difficile colitis
48 9 3 SW 146 Intra-abdominal abscess requiring drainage 0 10
46 2 GSW 172 Abdominal compartment syndrome requiring decompressive laparotomy, 7 11
20 25 4 SW 226 Persistent pleural effusion requiring drainage and hospitalization 1 7
25 9 3 SW 317 Wound infection 5 7
49 2 SW 403 Incisional hernia 0 2
23 9 3 SW 815 Portal venous thrombosis, requiring therapeutic anticoagulation 0 23

ISS Injury severity Score, AIS Abbreviated Injury Scale for the abdomen, OR operating room, HOS LOS Hospital Length of Stay, ICU LOS
Intensive Care Unit Length of stay, GSW gunshot wound; SW stab wound

Table 5 Independent predictors of morbidity and hospital stay

Predictors Odds 95 % CI  p value
Ratio

Any complication

DL (Time to OR > 120 min) 0.39 0.16-0.98  0.045

Fresh frozen plasma 1.29 1.12-1.48  0.0004

intraoperatively
Complication Grade 3,4,5

DL (Time to OR > 120 min) 0.68 0.26-1.77  0.43

Fresh Frozen Plasma 1.19 1.08-1.32  0.0007
intraoperatively
Hospital LOS > 5 days
DL (Time to OR > 120 min) 4.11 1.76-9.58  0.0011

SW versus GSW 0.23 0.12-0.44 <0.0001

DL delayed laparotomy, Hct hematocrit, SW stab wound, GSW
gunshot wound, OR operating room, CI confidence interval

In two prospective studies [4, 18] of abdominal GSW,
the rate of DL was 13.2 and 3 %, respectively. In these
studies, DL patients did not suffer adverse sequelae related
to the delay. In the largest review of abdominal GSW to
date with 1,856 GSW to the abdomen [7], 80 patients
received DL and 5 of them developed complications which
could be attributed to the delay. They were all managed
successfully and none resulted in mortality. Other authors
have shown different results. A recent retrospective study
based on the National Trauma Data Bank showed that
failure of SNOM with consecutive need for DL was
independently associated with increased mortality in both
GSW (OR 4.48) and SW (OR 9.83) patients [11].

In our study, nearly 1 out of every 5 patients with a
laparotomy for a penetrating abdominal injury was initially
managed by SNOM. Worrisome imaging findings in com-
bination with the development of clinical symptoms
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prompted a laparotomy at a median of 4 h and as late as 26 h
after arrival. Nine DL patients developed a complication
and 7 of them were classified as grade 3, 4, or 5. Although
judgments about causation are hard to make retrospectively,
we examined each case in detail and with the intent to assign
causation to the delay liberally if any suspicion arose. There
were two patients who developed intra-abdominal abscesses
and one could claim that the even the short delays in
operating them (128 and 146 min, respectively) may have
encouraged the development of the complication. However,
the operative report described minimal contamination, and
therefore this claim could not be made with confidence.

DL showed an independent association with fewer
complications despite a slight increase in the median hos-
pital LOS. As the interval from hospital arrival to operation
increased, the rate of complications decreased, attesting to
the fact that sicker patients were correctly chosen for an
operation from the beginning, whereas stable and asymp-
tomatic patients were correctly selected for a period of
observation.

A number of limitations mitigate the power of our
conclusions. The retrospective nature of the study pre-
vented valid assessments on causation, as mentioned
above. The sample size is limited but typical of most
trauma centers around the country, which have experienced
a decline in penetrating trauma volumes. Most importantly,
the delays are short. In fact, the definition of a delay in this
study can be debated since the word “delay” carries neg-
ative connotations and possibly considered to indicate
inadequate diligence and care. This has not been our intent.
We wanted to emphasize that, in the absence of compelling
signs and symptoms consistent with significant intra-
abdominal injuries, offering a trial of SNOM is safe.
Typically, if such injuries exist, the combination of
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Fig. 1 Development of Postoperative Complications
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imaging studies and an evolving clinical exam will reveal
the need for laparotomy soon after the admission.

The safety of SNOM is based on close clinical obser-
vation and frequent clinical exams. As simple as this
sound, it requires that the entire trauma team, including
doctors, nurses, and physician extenders, are informed
about the anticipated signs and symptoms that could indi-
cate the failure of NOM. In a well-organized setting, the
team should be able to identify promptly any early changes
in the hemodynamic status or abdominal exam. It is
because of this infrastructure and shared mindset among
the trauma team members that patients who failed NOM in
our study were brought to the operating room within a very
short period of time avoiding unnecessary delays.

The point of our study is not to claim that missing
injuries and failing to recognize the need for surgical
intervention is justifiable. It is rather to argue that under a
structured protocol of SNOM, patients in need for an
operation are identified and treated promptly. We argue
that an injury that does not produce symptoms which does
not produce immediate harm. When symptoms develop,
action should be taken, and it is up to the acute care sur-
geon and an organized support system to recognize this
moment quickly.

SNOM in abdominal penetrating injuries should not be
the exclusive privilege of high-volume trauma centers. We
have previously shown that it is the system and commit-
ment rather than the volume of penetrating trauma patients
that sets the foundation for safe SNOM [15]. With dwin-
dling penetrating trauma volumes around the nation, most
trauma centers cannot count on the experience of daily
trauma laparotomies. Nevertheless, they can develop suc-
cessful policies that allow the right patients to receive the
right operation and those who do not need one to receive
none. Our study adds to the existing body of literature
about the safety of SNOM in abdominal SW and GSW. It
specifically targets the issue of potential harm of DL when
SNOM fails. It shows that a structured protocol of SNOM
in a Level 1 Trauma Center does not risk unnecessary

complications and can be safely offered in patients with
penetrating abdominal trauma.
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