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Abstract

Background—Our institution has published damage control laparotomy (DCL) rates of 30% and
documented the substantial morbidity associated with the open abdomen. The purpose of this
quality improvement (QI) project was to decrease the rate of DCL at a busy, Level 1 trauma center
in the United States.

Study Desigh—A prospective cohort of all emergent trauma laparotomies from 11/2013-
10/2015 (QI group) were followed. The QI intervention was multi-faceted and included audit and
feedback for every DCL case. Morbidity and mortality of the QI patients were compared to a
published control (control group — emergent laparotomy from 01/2011-10/2013).

Results—A significant decrease was observed immediately upon beginning the QI project, from
a 39% DCL rate in the control period to 23% in the QI group (p<0.001). This decrease was
sustained over the two year study period. There were no differences in demographics, Injury
Severity Score, or transfusions between the groups. No differences organ/space infection (control
16% vs QI 12%, p=0.15), fascial dehiscence (6% vs 8%, p=0.20), unplanned re-laparotomy (11%
vs 10%, p=0.58), or mortality (9% vs 10%, p=0.69) was observed. The reduction in utilization
resulted in a decrease of 68 DCLs over the two year period. There was a further reduction in the
rate of DCL to 17% following completion of the QI project.
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Conclusion—A QI initiative rapidly changed the utilization of DCL and improved quality of
care by decreasing resource utilization without an increase morbidity or mortality. This decrease
was sustained during the QI period and further improved upon following its completion.
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INTRODUCTION

Damage control laparotomy (DCL) in severely injured and physiologically deranged patients
has revolutionized trauma care.1-2 While initially described in coagulopathic patients
requiring packing and massively transfused patients with a major abdominal vascular injury,
the indications for DCL have slowly increased without evidence to support this expansion.3
Our institution has previously reported DCL rates of 30% and the substantial morbidities
associated with the open abdomen necessitated by DCL, including organ/space surgical site
infection and fascial dehiscence.*:>6

In January 2009, damage control resuscitation (high ratios of red blood cells, fresh frozen
plasma, and platelets with minimal crystalloid and colloid) became usual practice at our
institution. Significant improvements compared to large volume crystalloid resuscitation
were observed, namely decreased overall transfusion volumes, lower rates of clinically
significant coagulopathy, less bowel edema, and more frequent fascial closure at the first
take back.”:8:9.10.11 Ajthough the rate of DCL was expected to decrease with the
implementation of damage control resuscitation, the yearly rate of DCL at our institution
after January 2009 actually increased.

The rationale behind this quality improvement (QI) project was that these improvements in
resuscitation should allow surgeons to stay longer in the operating room in order to address
anatomic problems by preventing or reversing the abnormal physiology which previously
may have driven the need to perform DCL. A decrease in the rate of DCL should decrease
hospital resource utilization, decrease the rate of associated morbidities, and improve the
quality of patient care. While the QI process was driven by a physician champion, the entire
division agreed to participate because we felt this to be a gap in quality care.

In November 2013, this QI project was begun with the following objectives: 1) to decrease
the rate of DCL, 2) to determine if decreasing the rate of DCL decreased morbidity, 3) to
determine the ideal rate of DCL at our institution, and 4) to develop a process for addressing
perceived gaps in the quality of care for trauma patients undergoing emergency procedures.

METHODS

The described study was a pre-post intervention QI project.}2 This manuscript was written
using the guidelines provided by the Revised Standards for Quality Improvement Reporting
Excellence (SQUIRE 2.0) framework.13 The Committee for the Protection of Human
Subjects approved this project as Q1.14
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Study Setting

The Red Duke Trauma Institute at Memorial Hermann Hospital-Texas Medical Center is an
American College of Surgeons verified Level 1 trauma center that is the primary teaching
hospital for the UT Houston McGovern Medical School (UT Health). The Red Duke Trauma
Institute is one of the only two adult Level 1 trauma centers in Houston, Texas, the fourth
largest city in the United States.

Patient Population

The QI study group included all adult trauma patients (>15 years of age) undergoing
emergent laparotomy from November 1, 2013 through October 31, 2015. Emergent
laparotomy was defined as admission directly to the operating room from the emergency
department. The control group included all adult trauma patients who underwent emergent
trauma laparotomy from January 1, 2011 through October 31, 2013.

The QI Intervention

Year One—During the first year of the QI project, an audit and feedback strategy was
implemented for all surgeons on the trauma service. On all patients undergoing DCL,
surgeons filled out a 5”x8” index card detailing emergency department, operating room, and
immediate post-operative intensive care unit data. Also, the primary indication for DCL was
reported. Every other month, a report listing the overall DCL rate, blinded surgeon-specific
DCL rates, indications, and overall complication rates during the QI period was sent to
faculty and posted on a wall in the administrative offices of the division.1® This mechanism
allowed the surgeons to receive immediate feedback, view blinded surgeon-specific DCL
rates, and follow prospective quality metrics. Surgeon-specific DCL rates were only un-
blinded when surgeons asked to know their individual rate. All aspects of care, such as
choice of temporary abdominal closure and wound management, were left to the discretion
of the surgeon.

Year Two—Starting in year two of the QI project, all DCLs cases were presented for review
by the group every other month at our regularly scheduled faculty meeting. The regularly
scheduled faculty meeting was chosen as the site of review as it is the most highly attended
meeting in the division, with >90% normal attendance. This review included date of
operation, surgeon, procedures, indications, resuscitation volumes, and outcomes. Every
DCL was discussed to determine if the patient could have safely undergone definitive
laparotomy. Adjudication of whether the patients could have safely undergone definitive
laparotomy was by majority vote during the weekly faculty meeting.

Using themes from the Knowledge-to-Action framework and concepts from a Learning
Healthcare System, the theory behind this staged method of QI was to first generate and
disseminate knowledge and then to identify, in real-time, barriers to implementation of this
information.16:17 The transparent publication of blinded surgeon-specific rates identified
variability in practice.
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Measures and Analysis

Baseline Characteristics—Patient demographics, injury severity, emergency
department/operating room/intensive care unit vital signs, laboratory values, and
resuscitation, operating room procedures, and DCL-specific data (indications, surgeon) were
recorded to assess the two groups for significant baseline differences. Over the course of the
study period, the measurement of coagulopathy transitioned from conventional coagulation
tests to thromboelastography. To account for this, a composite coagulopathy variable was
created and reported. Coagulopathy was defined as: International Normalized Ratio >1.5,
partial thromboplastin time>53.7 (>1.5 normal at our institution), activated clotting time
>128, alpha angle <60, maximum amplitude <50, and percent lysis at 30 minutes >3%.18:19

Primary Outcome—The primary outcome for the project was the overall DCL rate for the
trauma service.

Secondary Outcomes—Secondary outcomes included surgeon-specific DCL rates,
morbidities, disposition, and mortality. A binary, composite “major abdominal
complication” variable was also analyzed and consisted of any one of the following:
reopening of fascia following closure, enteric suture line failure, enterocutaneous fistula,
fascial dehiscence, and organ/space surgical site infection.

Variables were analyzed using Wilcoxon rank sum, Chi Square, and Fisher’s Exact test for
continuous, binary, and sparse binary variables, respectively. All calculations were
performed using STATA statistical software (version 13.1; Stata Corporation, College
Station, TX).

RESULTS

Emergent Laparotomies and Utilization of DCL

Over the control time period (34 months), there were 581 emergent laparotomies (5% of all
admissions) with a DCL rate of 39%. Over the QI time period (24 months), there were 448
emergent laparotomies (5% of all admissions), with a 23% DCL rate.

The line graph of monthly rates of DCL from 2011 through October 2015 is shown in Figure
1. A statistically significant decrease (p<0.001) in the utilization of DCL was observed
almost immediately following introduction of the QI project. At 23%, this DCL rate
persisted for the entirety of the QI period. This decrease in the rate of DCL was actually
improved upon following completion of the QI project, with a rate of 17% over the
subsequent seven months.

Impact of Decreasing the Utilization of DCL on Morbidity and Mortality

No difference in patient demographics was seen between the two groups (Table 1).
Additionally, no difference in the indications used to determine DCL was seen. There was a
significantly higher percentage of patients undergoing emergent laparotomy for penetrating
trauma in the QI group.
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No difference in emergency department temperature, systolic blood pressure, acidosis, or
coagulopathy was observed (Table 2). Intraoperatively, no significant differences in
transfusions were observed (Table 3). There was a shift towards significantly longer
operative durations during the QI period. Despite longer operating room times, the QI group
actually had higher operative temperatures, arterial pH values, and base excess values at the
end of the cases.

There were no significant differences in morbidities or mortality between the two groups
(Table 4). There was also not a significant difference in hospital-, ventilator-, or intensive
care unit-free days.

DCL Patients who May Have Safely Undergone Definitive Laparotomy

During adjudication of individual cases, discussion focused on the indication-specific
outcome of each patient and the perceived definitions of relatively vague indications. As an
example, patients who underwent DCL for a planned second look at bowel viability and had
a negative re-exploration were felt to be those who could have safely undergone definitive
laparotomy. As another example, patients who underwent DCL to expedite imaging when
there was concern for a traumatic brain injury and then were found to have not have a
traumatic brain injury (or a traumatic brain injury where minimal therapy was needed to
maintain normal intracranial pressures) were felt to be those who could have safely
undergone definitive laparotomy.

The indications for DCL in this group of patients who could have safely undergone
definitive laparotomy are listed in Table 5. Indications consistently determined by group
adjudication to be those safe for definitive laparotomy were: contamination, expedition of
postoperative imaging or intensive care, and second look.

Hemodynamic instability was a vague indication for DCL and heterogeneity existed in its
definitions. Hemodynamic instability was not defined a prioriand left up to the
determination of the operating surgeon. Patients who underwent DCL for hemodynamic
instability were divided into three definitions: 1) ongoing transfusions at end of laparotomy,
2) continuous vasopressor use at end of laparotomy, or 3) isolated, persistent acidosis
without continuous vasopressor use or ongoing transfusions. During the adjudication
meetings, only continuous vasopressor use and ongoing transfusion requirement were
considered to be appropriate definitions for hemodynamic instability. All patients with a
persistent acidosis without continuous vasopressor use or an ongoing transfusion
requirement were felt to be patients who could have safely undergone definitive laparotomy.

Indications for DCL that were consistently adjudicated to be appropriate were packing
abdominal compartment syndrome prophylaxis, and expedition of patient transport to
Interventional Radiology for hemorrhage control.

Surgeon-Specific Rates of DCL

During the QI period, surgeon-specific rates of DCL varied significantly, ranging from 0% —
100% (p=0.005). DCL rates did not vary according to surgeon-specific laparotomy volume.
Ten of the 21 surgeons included from 2011 through 2015 had at least one laparotomy in both
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the control and QI periods. For those 10 surgeons, pre-Ql and post-Ql rates of DCL and the
total number of laparotomies performed during the respective time periods are shown in
Figure 2. Most surgeons had a decrease in the rate of DCL between the two periods with
percent decreases ranging from to 4 to 50%. Two surgeons had an increase in the rate of
DCL, one of which was more likely reflective of few laparotomies in the QI period.

The ideal rate of DCL over the QI project was 17% (appropriate DCL [74] divided by total
laparotomies [448]). Using 17% as an ideal DCL rate, the six surgeons with rates below this
during the QI period did not significantly differ from the twelve surgeons with DCL rates
above in terms of age (median 46 years, range 36-60 versus 43, range 34-68, p=0.512),
years since the completion of fellowship (median 12 years, range 3-27 versus 8, range 0-33,
p=0.615), the number of institutions at which they have trained or worked (median 3, range
1-6 versus 1, range 1-4, p=0.091), the percent who did residency at UT Health (33% versus
33%, p=1.000), or the percent who completed fellowship training at UT Health (33% versus
67%, p=0.321).

DISCUSSION

The implementation of a QI process successfully resulted in an immediate, significant, and
sustained decrease in the rate of DCL at our institution. The temporal relationship between
the intervention and the drop the rate of DCL suggested a causal relationship between the
intervention and the observed reduction in DCL. No associated increase in the need for
unplanned reoperation was observed. With an absolute DCL rate reduction of 16% in a time
period in which 427 patients underwent emergent laparotomy, 68 DCLs and 68 subsequent
planned re-laparotomies were avoided during this 2 year time period.

This QI process was emblematic of how a learning trauma care system would address a
perceived gap in quality care.20 First, a problem in the quality of care was identified. Next, a
QI process using evidence-based implementation strategies, including audit and feedback,
stakeholder involvement, a physician champion, local consensus discussions, and ongoing
stakeholder consultation, was designed and executed.?! To monitor the QI process, data was
collected, analyzed, and repeatedly published for the clinicians to review. Prospectively
collected evidence was used to influence practice and practice influenced our prospectively
collected evidence. This process will be one model of QI at our institution moving forward
as we aim to create a learning trauma care system. While this process could be repeated for
another perceived gap in quality care, the presence of a physician champion was absolutely
necessary as the multi-faceted process was time consuming.

The process would be significantly easier with the use automatic capture of data. This
project identified four indications for DCL that our group of surgeons generally accepted as
appropriate: 1) therapeutic packing to control hemorrhage, 2) expedition to Interventional
Radiology for hemorrhage control, 3) hemodynamic instability defined as continuous
vasopressor and/or ongoing transfusion requirement, and 4) abdominal compartment
syndrome treatment or prophylaxis. Our group of surgeons also identified four indications
for DCL in which appropriateness in unclear at this time: 1) second look, 2) expedition to
imaging or intensive care, 3) hemodynamic instability defined as persistent acidosis with a
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continuous vasopressor or ongoing transfusion requirement, and 4) contamination. It is
important to note that the group did not feel these indications were inappropriate, simply the
group began to question if the indications were necessary and acknowledged that high
quality data supporting the indications was both lacking and needed.

Contrary to our hypothesis and the current available literature, our study did not show a
decrease in morbidity associated with the reduction in the rate of DCL. As the majority of
peer-reviewed publications evaluating morbidity following DCL have been retrospective and
non-randomized, the identified association between DCL and morbidity may be confounded
by the increased severity of patient injury in those studies undergoing DCL compared to
definitive laparotomy. As this is a pre-post intervention QI project, it is also possible that
temporal changes in patient injury patterns or changes in clinical management over the
course of the study may have affected the incidence of post-operative complications.

The initial reduction in the DCL rate at the beginning of the QI project is suggestive of a
Hawthorne, or observer, effect — surgeons’ behavior changed as a result of their knowledge
of being observed. Though present, this is not a bias, but rather the mechanism by which an
audit and feedback QI strategy works. The sustained decrease in utilization of DCL over the
two year time period suggests a change in practice and culture. This change is further
supported by the fact that the rate of DCL continued to decrease in the months following the
completion of the project, averaging 17% in the subsequent seven months.

There are several limitations to this study. First, though prospective in nature, this study
compares outcomes to those in a historical control group. The historical control, however,
was the immediate time period prior to the QI period and was collected in detail for other
peer reviewed studies. Second, given that audit and feedback alone has been demonstrated to
have variable effectiveness, we chose to use a multi-faceted strategy to effect change.22:23
The multi-faceted process described was complex and time consuming. While there is no
clear evidence that multi-faceted interventions are routinely more effective than single-
component interventions, it can be difficult to identify a priori the single intervention that
would be most effective given the specific context of the project.24 Lastly, long-term
observation of the DCL rate to determine if the change was in fact institutionalized was not
possible as the QI study led to a randomized clinical trial that began enrolling in July 2016.

As a follow up to this study, a pilot randomized controlled trial comparing morbidity
between DCL and definitive laparotomy has been started to obtain the least-biased estimates
of outcomes and to define objective inclusion and exclusion criteria for a potential
multicenter randomized controlled trial. Also, a multicenter QI project is underway to assess
the replicability of this QI process and to determine if additional indications for which there
are clinical equipoise to perform DCL or definitive laparotomy. And, finally, an economic
analysis of the impact of decreasing the rate of DCL will be performed.

CONCLUSIONS

A QI project to transparently share surgeon-specific rates of, the indications for, and
appropriateness of DCL resulted in a significant decrease in the rate of DCL, from 39% to
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23%. This decrease was not associated with increased morbidity or mortality. This QI
project changed the culture and clinical practice for an emergent intervention at our
institution using prospectively collected data and will be one model of QI at our institution
as we build a learning trauma care system.
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Figure 1.

Rate of damage control laparotomy (DCL) from January 2011 to June 2016. (A) DCL rate
during historical control period was 38%. (B) After initiation of quality improvement (QI)
project, there was an immediate and sustained decrease in the DCL rate to 23% (p<0.001).
(C) After completion of the QI project, the DCL rate continued to decrease, averaging 18%
in the subsequent 8 months.
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Surgeon-specific rates of damage control laparotomy (DCL) during the control period
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(01/2011-10/2013) and the quality improvement period (11/2013-10/2015). Most surgeons
had a decrease in the rate of DCL between the 2 periods with varying degrees of change.
Two surgeons had an increase in the rate of DCL between the 2 periods.
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Table 1

Admissions, Demographics, and Injury Severity

Variable Control (01/2011- 10/2013) | QI (11/2013-11/2015) | p Value
Total trauma admissions, n 12,922 9,695
Emergent laparotomies, n 581 448 0.250

Definitive laparotomies, n (%) 338 (58) 326 (73)

Damage control laparotomies, n (%) 221 (38) 101 (23)

Operative deaths, n (%) 22 (4) 21 (5)
Indication for damage control, n (%)

Packing 134 (61) 60 (59) 0.343

Second look 29 (13) 16 (16)

Hemodynamic instability 30 (14) 15 (15)

Expedite CT/ICU 14 (6) 3(3)

ACS prophylaxis 3(1) 5(5)

Contamination 7(3) 1(2)

Expedite IR 1(0) 1(1)

Unclear 2(1) 0(0)
Sex, n (%)

Male 423 (76) 330 (77) 0.555

Female 136 (24) 97 (23)
Mechanism, n (%)

Blunt 349 (62) 220 (52) 0.001

Penetrating 210 (38) 207 (48)
BMI, kg/m?2, median (IQR) 26 (24, 30) 27 (24,31) 0.175
Head AIS, median (IQR) 0(0,2) 0(0,0) 0.222
Face AIS, median (IQR) 0(0,0) 0(0, 0) 0.095
Chest AIS, median (IQR) 2(0,3) 2(0,3) 0.753
Abdomen AIS, median (IQR) 3(2,4) 32,4 0.142
Extremity AIS, median (IQR) 1(0,3) 0(0,3) 0.098
External AIS, median (IQR) 1(0,1) 1(0,1) 0.126
Injury Severity Score, median (IQR) 19 (11, 34) 19 (10, 29) 0.165

QI, quality improvement; CT, computed tomography; ICU, intensive care unit; ACS, abdominal compartment syndrome; IR, interventional

radiology; AlS, abbreviated injury score
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Table 2

Emergency Department Vital Signs, Labs, and Resuscitation

Variable Control (n=559) QI (n=427) p Value
Vital sign
Temperature, °F, median (IQR) 97.6 (96.7,98.3) | 97.7 (97.0, 98.4) 0.158
Systolic blood pressure, mmHg, median (IQR) 111 (90, 130) 115 (92, 130) 0.165
Heart rate, bpm, median (IQR) 99 (82, 115) 100 (83, 117) 0.625
Glasgow Coma Scale, median (IQR) 15 (6, 15) 15 (13, 15) 0.003
Laboratory value
Lactic acid, mmol/L, median (IQR) 35(2.2,55) 3.3(2.0,5.0) 0.185
Base excess, mmol/L, median (IQR) -3(-7,-1) -4 (-7,-1) 0.085
Hemoglobin, g/dL, median (IQR) 13.2(11.9,14.4) | 13.2(11.8,14.4) 0.556
Platelet level, k/cm?, median (IQR) 224 (190, 266) 233 (194, 280) 0.115
Abnormal coagulation profile, n (%) 172 (35) 146 (39) 0.181
Resuscitation, median (IQR)
Crystalloid, mL 0(0, 0) 0(0, 0) 0.013
Red blood cells, units 0(0,2) 0(0,1) <0.001
Fresh frozen plasma, units 0(0,2) 0(0,1) <0.001
Other
Positive FAST, n (%) 263 (49) 206 (50) 0.781
Time in ED, min, median (IQR) 64 (27, 132) 47 (23, 103) 0.005

QI, quality improvement; F, Fahrenheit; FAST, focused abdominal sonography for trauma; ED, emergency department
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Table 3

Operating Room Vital Signs, Labs, and Resuscitation

Variable Control (n=559) QI (n=427) p Value
OR duration, min, median (IQR) 109 (73, 162) 135 (94, 192) <0.001
First documented vital sign and lab, median (IQR)
Temperature, °F 96.6 (95.4,97.7) 97.0 (96.1, 98.1) <0.001
Systolic blood pressure, mmHg 120 (100, 140) 118 (97, 139) 0.279
Heart rate, bpm 98 (85, 110) 96 (82, 112) 0.369
pH 7.30(7.22,7.36) | 7.31(7.24,7.38) | 0.044
Lactic acid, mmol/L 2.8(1.8,4.3) 2.8(1.7,4.6) 0.983
Base excess, mmol/L -5(-8,-2) -4 (-7,-1) 0.079
Resuscitation , median (IQR)
Crystalloid, mL 1500 (1000, 2000) | 1200 (800, 1700) | <0.001
Colloid, mL 500 (0, 1000) 500 (0, 1000) 0.068
Red blood cells, units 1(0,4) 1(0,5) 0.853
Fresh frozen plasma, units 0(0,4) 0(0,4) 0.561
Platelets, units 0 (0, 6) 0 (0, 6) 0.197
Estimated blood loss, mL 350 (100, 1000) 400 (150, 1000) 0.430
Last documented vital signs and labs, median (IQR)
Temperature, °F 96.8 (95.5, 97.9) 97.2,(96.1,98.2) | <0.001
Systolic blood pressure, mmHg 125 (115, 140) 128 (115, 142) 0.105
Heart rate, bpm 91 (80, 100) 90 (79, 105) 0.534
pH 7.33(7.29,7.37) | 7.34(7.30,7.39) | 0.003
Lactic acid, mmol/L 3.2(2.0,4.9) 3.3(1.8,5.0) 0.823
Base excess, mmol/L -4 (-6, -2) -4 (-6, -2) 0.036

QI, quality improvement; OR, operating room; F, Fahrenheit; TXA, tranexamic acid
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Table 4
Outcomes
Variable Control (n=559) | QI (n=427) | p Value
Morbidity,n (%)
Major abdominal complication 128 (23) 106 (25) 0.481
Organ/space SSI 69 (12) 66 (16) 0.148
Fascial dehiscence 32 (6) 33(8) 0.195
Enteric suture line failure 15 (3) 17 (4) 0.243
Enterocutaneous fistula 12 (2) 10 (2) 0.815
Reopened 56 (11) 41 (10) 0.575
Superficial SSI, n (%) 44 (8) 29 (7) 0.544
Ileus, n (%) 107 (19) 98 (23) 0.124
Pulmonary embolus, n (%) 39 (7) 34 (8) 0.530
Deep vein thrombosis, n (%) 18 (3) 12 (3) 0.795
Sepsis, n (%) 98 (18) 92 (22) 0.098
Acute renal failure, n (%) 73 (13) 57 (13) 0.849
Length of stay, d, median (IQR)
ICU-free 27 (16, 30) 27(17,30) | 0.096
Ventilator-free 29 (22, 30) 29 (24, 30) 0.074
Hospital-free 17 (3, 24) 17 (1, 24) 0.684
Disposition, n (%)
Death 52 (9) 43 (10) 0.686
Home 392 (70) 392 (70)
Skilled nursing facility 24 (4) 29 (7)
Long term acute care 35 (6) 14 (3) 0.058
Rehabilitation hospital 48 (9) 30 (7)
Other 8(1) 8(2)

QI, quality improvement; SSI, surgical site infection; ICU, intensive care unit
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Indications for Damage Control Laparotomy in Patients Who May Have Safely Undergone Definitive

Table 5

Laparotomy
Voted safe for definitive laparotomy
Indication
n %

Contamination 1 100
Expedite CT/ICU 3 100
Second look 13 81
Hemodynamic instability 5 33
Packing 5 8
Abdominal compartment prophylaxis 0 0
Expedite transport to IR 0 0
Heterogeneity in definition of hemodynamic instability

Ongoing transfusions at end of laparotomy 0 0

Continuous vasopressor use at end of laparotomy 0 0

Isolated, persistent acidosis at end of laparotomy 5 100

CT, computed tomography; ICU, intensive care unit; IR, interventional radiology
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