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Abstract

evaluation in critical, exsanguinating patients.

Background: We present a series of patients with blunt abdominal trauma who underwent damage control
laparotomy (DCL) and introduce a nomogram that we created to predict survival among these patients.

Methods: This was a retrospective study. From January 2002 to June 2012, 91 patients underwent DCL for
hemorrhagic shock. We excluded patients with the following characteristics: a penetrating abdominal injury, age
younger than 18 or older than 65 years, a severe or life-threatening brain injury (Abbreviated Injury Scale [AIS] = 4),
emergency department (ED) arrival more than 6 hours after injury, pregnancy, end-stage renal disease, or cirrhosis.
In addition, we excluded patients who underwent DCL after ICU admission or later in the course of hospitalization.

Results: The overall mortality rate was 61.5%: 35 patients survived and 56 died. We identified independent survival
predictors, which included a preoperative Glasgow Coma Scale (GCS) score < 8 and a base excess (BE) value < —13.9 mEg/L.
We created a nomogram for outcome prediction that included four variables: preoperative GCS, initial BE,
preoperative diastolic pressure, and preoperative cardiopulmonary cerebral resuscitation (CPCR).

Conclusions: DCL is a life-saving procedure performed in critical patients, and devastating clinical outcomes can
be expected under such dire circumstances as blunt abdominal trauma with exsanguination. The nomogram
presented here may provide ED physicians and trauma surgeons with a tool for early stratification and risk
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Background

Damage control laparotomy (DCL) has been adopted as
a standard treatment for patients with life-threatening
injuries following major trauma. DCL is an initial lapar-
otomy performed to address hemorrhage and contamin-
ation, and it may include gauze packing for hemorrhage
control, vascular pedicle ligation, contamination control,
and the establishment and maintenance of an abdominal
wall opening covered with plastic, with or without a
vacuum device [1,2]. Following this initial emergent
management, the patient is admitted to the intensive
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care unit (ICU) to correct hypothermia, coagulopathy,
acidosis, and electrolyte imbalances. Within 48 to
72 hours after the first laparotomy, a second laparotomy
is performed for definitive treatment and abdominal
closure. DCL was first applied in patients with hepatic
injuries during the early 20™ century, and this technique
was further developed during the 1980s [2,3]. Currently,
DCL is widely used in the emergency setting for patients
with uncontrolled intra-abdominal bleeding or severely
contaminated intestinal or urological trauma.

Blunt abdominal trauma is common in Taiwan. It
accounted for 96% of all hospitalized abdominal trauma
patients in our institution in 2011. Previous studies have
looked at either penetrating injuries [1,4] or abdominal
trauma as a whole [5-7], but as of yet no studies have
focused on blunt abdominal trauma. We present a series
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of patients with blunt abdominal trauma, all of whom
underwent DCL with packing to control massive intra-
abdominal bleeding. In addition, we introduce a nomo-
gram that we developed to help predict outcomes among
these patients.

Methods

Clinical setting

Chang Gung Memorial Hospital (CGMH) is a level I
trauma center in northern Taiwan. From May 2008 to June
2012, 1203 patients who had sustained abdominal trauma
and 336 patients who underwent surgery (either laparot-
omy or a laparoscopic procedure) were treated at CGMH.
A standard protocol for treating blunt abdominal trauma
has been in place at CGMH for over 10 years. During that
time, emergent transarterial embolization (TAE) has been
widely applied in our institution and has been made avail-
able on a 24-hour basis. At CGMH, over 70% of patients
who need TAE are sent to the angiographic room within
1 hour in accordance with patients’ critical levels. Approxi-
mately 90% of patients with solid organ injuries (including
hepatic, renal, and splenic) are managed nonoperatively,
with a failure rate of less than 2%. Among patients with
intra-abdominal bleeding, laparotomies are performed only
in cases of refractory hemorrhagic shock, a transient re-
sponse to resuscitation, multiple bleeding sites with a diffi-
cult TAE approach, and either TAE failure or a transient
effect of TAE.

Exclusion criteria

In this study, we excluded patients with the following char-
acteristics: a penetrating abdominal injury, age younger
than 18 or older than 65 years, a severe or life-threatening
brain injury (Abbreviated Injury Scale [AIS] > 4), emergency
department (ED) arrival more than 6 hours after injury,
pregnancy, end-stage renal disease, or cirrhosis. We also
excluded patients with a concurrent chest injury and indi-
cations for thoracotomy or a pelvic injury with indications
for pre-peritoneal packing. In addition, we excluded pa-
tients who underwent DCL after ICU admission or later
during the course of hospitalization. Only patients who
had sustained a blunt abdominal trauma and were trans-
ported to the operating room (OR) directly from the ED
were enrolled.

Study design

This retrospective study was approved by the local institu-
tional review board (IRB) of CGMH. Forty-five patients
fulfilled the study criteria from May 2008, when the
CGMH Trauma Registration System began, to May 2012.
These patients all sustained abdominal trauma and under-
went DCL with gauze packing. For the pre-registration
period, January 2002 to April 2008, we accessed the oper-
ating room information system to retrieve the list of
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patients who underwent emergent laparotomy and ful-
filled our study criteria. The medical and surgical data for
the 46 eligible patients were then extracted. In total, 91
patients were enrolled for further statistical analysis.

The patients’ surgical records and radiologic reports
were evaluated by two surgical residents and two attend-
ing surgeons who assessed the accuracy of the extracted
information. The extracted and analyzed data included
each patient’s demographic data, the mechanism of
trauma, initial status in the ED, initial laboratory data,
the quantity of blood transfused, status upon discharge
from the ED, injury severity score (ISS), revised trauma
score (RTS), surgical condition, diagnosis, and outcome.
All of the patients were categorized into two groups: the
survival group (n =35) and the mortality group (n =56).
These groups were compared using univariate analysis,
and selected resulting factors of significance were further
analyzed with multivariate analysis and then used in the
nomogram creation.

Statistical analysis

We used R (version 2.15.1) open source statistical soft-
ware with the appropriate packages for statistical ana-
lysis. The Student’s ¢-test was used to evaluate numerical
variables, and the y* test was used for nominal data.
Levene’s test was used to correct for intergroup variation
before the application of the Student’s t-test. A receiver
operating characteristic (ROC) curve analysis was per-
formed for continuous factors of significance prior to
applying logistic regression with forward selection.

The creation of the nomogram was based on an estab-
lished model. In our study, the nomogram was created
based on the results of logistic regression with forward
stepwise selection. Each factor in the logistic regression
model will be later used for nomogram creation. The
factor with the highest odds ratio is given a score of 100
points. Other factors receive their own scores according
to the value of their individual odds ratios relative to the
highest odds ratio.

Because of the relatively small number of cases in our
study, we conducted only internal validation using the
bootstrapping method. A survival analysis was con-
ducted using the Kaplan-Meier method.

Results

The demographic data and ED arrival status of the pa-
tients in the two groups are compared and summarized in
Table 1. Comparisons between the groups in terms of pa-
tient status upon ED discharge and other surgical condi-
tions are summarized in Tables 2 and 3. Thirteen factors
significantly differed between the groups: RTS, respiratory
rate before OR transportation, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) before OR trans-
portation, initial Glasgow Coma Scale (GCS), GCS before
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Table 1 Demographic data and initial status of patients

Survival Mortal P value
(n=35) (n=56)
Age 33.7+1662 396+1587  0.092
Gender (M/F) 26/9 45/11 0.496
Transferred (Y/N) 28/7 36/20 0.110
Season
Spring 5 17 0.264
Summer 9 13
Fall 1 17
Winter 10 9
Accident to ED (mins) 1848 +12793 139.7+9235 0073
Initial body temperature (°C) 359+ 132 343+486 0.075
Initial RR (/min) 218+6.95 196+1137 0251
Initial HR (/min) 1111 +2772 1078 +4227 0653
Initial SBP (mmHg) 84.3+£4050 69.7£5346  0.169
Initial DBP (mmHg) 547 +2893 417+3879  0.090
Initial GCS 11.8+£3.94 6.6 £447 0.000
RTS 6.08 £ 140 395+230 0.000

Transferred: patient was sent to local hospital initially; ED emergency
department; RR respiratory rate; HR heart rate; SBP systolic blood pressure; DBP
diastolic blood pressure; GCS Glasgow Coma Scale; RTS Revised Trauma Score.
All continuous data presented with standard deviation.

OR transportation, initial laboratory findings (INR, arterial
pH, HCOg level, and base excess), the volume of whole
blood transfused in the OR, the volume of total blood
(packed red blood cells and whole blood) transfused in
both the ED and OR, and the performance of cardiopul-
monary cerebral resuscitation (CPCR) in the ED (in our
series, the duration of CPCR was less than 15 minutes in
all cases). To enable practical application of the nomo-
gram, we transformed these continuous factors into
categorical data according to the ROC curve analysis illus-
trated in Figure 1.

Logistic regression with forward selection was used to
analyze nine of the significant factors under univariable
analysis (RTS, SBP and DBP before OR transportation,
initial GCS, GCS before OR transportation, INR, base
excess, CPCR at ED, and total blood transfused in both
the ED and OR). There are 4 factors retained in the final
equation (GCS less than 8 when leaving ED, BE less than
13.9 mEq/L, DBP less than 40 mmHg when leaving ED,
and CPCR at ED) and 2 of them are noted with statis-
tical significance while the other 2 are retained in equa-
tion for optimal R* achievement. All the 4 factors in the
logistic regression model are necessary for nomogram
creation. A summary of the logistic regression, including
the odds ratios, is shown in Table 4. We applied the
model produced by logistic regression to develop a
nomogram for outcome prediction (Figure 2) along with
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Table 2 Initial laboratory data, patient status before
leaving ED, and transfusion amount at ED

Survival Mortal P value
(n=35) (n=56)
Hb (g/dL) 9.7 £2.60 93+330 0.584
Hct (%) 284+774 286+9.80 0.688
INR 1.82+0.68 3.07£289 0.005
pH 726+£0.11 707 £197 0.000
BE (mEqg/L) —8.28 +4.67 —1534+733 0.000
HCO; (mEg/L) 18.6+4.04 146 +£5.26 0.000
CPCR at ED 0 21 0.000
RR before leaving ED (/min) 21.9+460 188+£6.71 0.061
HR before leaving ED (/min) 120043002 107.1+4250 0.126
SBP before leaving ED (mmHg) 102.1+3528 77.1+3667  0.002
DBP before leaving ED (mmHg) 589+ 20.73 400+£2775 0.000
GCS before leaving ED 93+485 43+299 0.000
PRBC at ED (V) 52+585 52+6.99 0.982
FFP at ED (U) 17+238 2.1£4.60 0.642
PLT at ED (U) 0.0 +£0.00 1.0+£4.03 0.069
WB at ED (V) 1.7+263 2.7+£367 0.157
Time to OR (/min) 1287+£11805 933+99.19 0.128
Perioperative TAE 9 13 0.786

Hb hemoglobin; Hct hematocrit; INR international normalized ratio; BE base
excess; CPCR cardiopulmonary cerebral resuscitation; ED emergency
department; RR respiratory rate; HR heart rate; SBP systolic blood pressure;
DBP diastolic blood pressure; GCS Glasgow Coma Scale; PRBC packed red
blood cells; FFP Fresh frozen plasma; PLT platelet; WB whole blood; OR
operation room; TAE transarterial embolization. All continuous data presented
with standard deviation.

its calibration curve (Figure 3). The C-index for the
internal validation was 0.946.

A survival analysis was also performed; the Kaplan-Meier
survival curve is shown in Figure 4. The mortality rate
in this series was 61.5% (n=56). Among the patient
deaths, 50% occurred within 8 hours of arrival in the ED,
and 80% occurred within 24 hours of arrival in the ED.

Discussion

Damage control laparotomy is a life-saving procedure in-
dicated for patients who typically do not have any other
treatment options. In addition to critical trauma, DCL
can be used to treat severe intra-abdominal sepsis or un-
controlled and unexpected intra-abdominal bleeding.
The aim of DCL is to control hemorrhage and contam-
ination during the early, life-threatening period of such
an emergency. After DCL, the patient’s condition can be
stabilized before he or she undergoes the next step of
definitive surgical treatment. Even with the development
of new strategies to manage and resuscitate patients with
severe trauma [8-10], DCL continues to play an import-
ant role in trauma care. In this study, we focused solely
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Table 3 Surgical finding and OR transfusion

Survival (35) Mortal (56) P value

Major bleeder

Liver 14 33 0.272

Spleen 3 4

Mesentery 5 3

Kidney 2 0

Retroperitoneum 1 0

Multiple 8 12

Others 2 4
PRBC at OR 104+1236 150+ 17.64 0.151
FFP at OR 9.2+7.00 9.8 £9.09 0.749
PLT at OR 88+ 1174 9.7£9.09 0.748
WB at OR 38+542 139£1252 0.000
Total PRBC + WB* 21.0+£11.78 36.0+19.58 0.000
ISS 33.1+£15.06 33.7+£15.09 0.874

PRBC packed red blood cells; FFP Fresh frozen plasma; PLT platelet; WB: whole
blood; OR operation room; ISS Injury Severity Score. All continuous data
presented with standard deviation. * total whole blood and PRBC transfused at

ED and OR.

on patients who had sustained blunt abdominal trauma
with exsanguination. All of the patients in our series
underwent surgery with packing to achieve temporary
hemostasis.

The overall mortality rate in our study was 61.5%,
which is similar to previously reported results [5,11].
Although 61.5% may appear high compared with the
mortality rate of approximately 20% recently reported by

Page 4 of 7

Cotton et al. [12], this discrepancy may be related to the
different clinical conditions of the two studies. We in-
cluded only blunt abdominal trauma with hemorrhagic
shock, whereas Cotton et al. included all patients who
underwent DCL. Neither the type of injury (blunt or
penetrating; only 4% of the abdominal traumas in our
institution were penetrating) nor the indication for DCL
(bleeding control or contamination control) was specific-
ally mentioned in Cotton’s report. In addition, patients
who received CPCR for over 5 minutes and patients
who died in the OR were excluded from the Cotton
study. Although there have been other reports regarding
the outcomes of DCL, none have been similar to our study
in terms of the patient population examined. Therefore,
the differing clinical settings of these studies prevent ob-
jective comparisons.

Because rapid, dynamic changes in the clinical courses
of severely injured patients are frequently observed,
the results of studies regarding their clinical outcomes
are often heterogeneous. In addition, the classical trimo-
dal distribution of trauma deaths implies that marked
changes in the probability of death occur within several
hours of injury. We used strict criteria in the selection
of our study subjects to prevent the interference of any
confounding factors. These criteria were chosen not only
to limit the subjects to patients treated in the ED (be-
cause other hospital departments may follow different
clinical routines) but also to exclude subjects who ar-
rived in our ED more than 6 hours after injury.

The purpose of our study was to establish a prediction
system that would help ED physicians and surgeons to
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Table 4 Result of multivariable logistic regression

Odds ratio P values
GCS<8 777 0.020
BE<—-139 28.50 0.000

GCS Glasgow Coma Scale; BE base excess. 95% Cl: 95% confidence interval for
odds ratio.

formulate more precise impressions regarding expected
clinical outcomes in the initial stages of patient care. We
established our model using logistic regression with for-
ward selection to retain the most significant factors. This
approach also proved practical for the later creation of
the nomogram; if logistic regression without this step-
wise approach had been used to create the nomogram,
the inclusion of an excessive number of variables would
have made the nomogram impractical. In addition, we
excluded from the logistic regression several factors that
were deemed significant in univariate analysis. Respira-
tory rate was excluded because of its narrow physio-
logical range and poor linear correlation with physical
status. Although the BE, HCOj3 level, and pH value are
all indicators of acidosis, we chose to analyze only BE
because of previous reports of its superior predictive
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power [13-15]. Ultimately, four factors were retained in
the equation.

Several studies have reported predictive factors for
outcomes after DCL. One study proposed that hyper-
thermia and the arterial pH level at the time of ICU
admission, as well as the volume of blood transfused
within 24 hours, are the best predictors of post-DCL
outcomes [5]. However, the results of these studies differ,
due in large part to variations in their clinical settings.
In addition, some studies have separately examined poor
prognostic factors, such as cirrhosis of the liver and ad-
vanced age [16,17]. In our study, we employed strict cri-
teria to exclude subjects with significant medical disease.
The independent factors affecting the outcomes of pa-
tients in our study included BE and GCS before OR ar-
rival. Both of these factors reflect the presence of shock
and hypoperfusion. The most unique aspect of our study
is that all of the analyzed factors can be assessed upon
completion of DCL, which enables our model to be ap-
plied during the early stages of hospitalization.

The ability to assess all of these factors during the early
stages of a patient’s clinical course was advantageous in
producing an early prediction tool for DCL patients with
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Figure 3 Calibration curve for nomogram.
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and CPCR as factors. DBP is an important factor related
to coronary perfusion, as the diastolic time determines the
coronary perfusion time [18]. The decrease in DBP caused
by hemorrhagic shock can cause a devastating impairment
in cardiac function. Finally, the need for CPCR reflects a
combination of all of the risks present and can reasonably
be considered an indicator of a poor prognosis.

There were some unavoidable limitations to our study.
First, our patient care strategies evolved over the 10-year
study period, and advancements in treatment concepts and
strategies may have affected patient outcomes [9,12,19];
these changes placed the patients treated 10 years ago and
those treated more recently in different contexts. The most
obvious change occurred in our transfusion strategy. Cur-
rently, component therapy transfusion is the mainstream
protocol for trauma patients with hemorrhagic shock, as
mentioned in the Advanced Trauma Life Support (ATLS)
protocol. However, this concept was not popular a decade
ago; for example, in data from the pre-registration period of
our study versus that of the CGMH trauma registration
system, 13.6 U vs. 6.6 U of whole blood were used, respect-
ively, in the OR per patient. Second, the number of subjects
enrolled in our study was limited, which was an obstacle to
the creation of our model and nomogram. Although in-
ternal validation revealed an acceptable fit of the model,
future external validation is needed to further evaluate the
efficacy of our nomogram. Overall, although our study had
some drawbacks in terms of sample collection and the
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small sample size (which created a statistical disadvantage),
it is the first to introduce the nomogram prediction model
in this genre of surgery.

Conclusion

In conclusion, although a high death toll remains, DCL
is a potentially life-saving procedure with the potential
to mitigate the devastating clinical outcomes that can be
expected under the dire circumstances of blunt abdom-
inal trauma with exsanguination. The nomogram that
we have proposed here may provide ED physicians and
trauma surgeons with a tool for early stratification and
risk evaluation in these critical, exsanguinating patients.
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