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Abstract

Background: Although damage control (DC) surgery is widely assumed to reduce mortality in critically injured
patients, survivors often suffer substantial morbidity, suggesting that it should only be used when indicated. The
purpose of this systematic review was to determine which indications for DC have evidence that they are reliable
and/or valid (and therefore in which clinical situations evidence supports use of DC or that DC improves outcomes).

Methods: We searched 11 databases (1950-April 1, 2019) for studies that enrolled exclusively civilian trauma
patients and reported data on the reliability (consistency of surgical decisions in a given clinical scenario) or
content (surgeons would perform DC in that clinical scenario or the indication predicted use of DC in practice),
construct (were associated with poor outcomes), or criterion (were associated with improved outcomes when DC
was conducted instead of definitive surgery) validity for suggested indications for DC surgery or DC interventions.

Results: Among 34,979 citations identified, we included 36 cohort studies and three cross-sectional surveys in the
systematic review. Of the 59 unique indications for DC identified, 10 had evidence of content validity [e.g., a major
abdominal vascular injury or a packed red blood cell (PRBC) volume exceeding the critical administration threshold],
nine had evidence of construct validity (e.g., unstable patients with combined abdominal vascular and pancreas
gunshot injuries or an iliac vessel injury and intraoperative acidosis), and six had evidence of criterion validity (e.g.,
penetrating trauma patients requiring > 10 U PRBCs with an abdominal vascular and multiple abdominal visceral
injuries or intraoperative hypothermia, acidosis, or coagulopathy). No studies evaluated the reliability of indications.
Conclusions: Few indications for DC surgery or DC interventions have evidence supporting that they are reliable

and/or valid. DC should be used with respect for the uncertainty regarding its effectiveness, and only in
circumstances where definitive surgery cannot be entertained.
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Background

In patients requiring operative intervention after major
trauma, surgeons must decide whether to perform a de-
finitive or damage control (DC) procedure [1, 2]. As op-
posed to definitive surgery (where all injuries requiring
repair are repaired and the explored cavity closed), DC
surgery involves quickly controlling exsanguinating
hemorrhage and/or gross contamination using one or
more abbreviated (or DC) interventions [2]. The patient
is subsequently admitted to the intensive care unit (ICU)
for ongoing resuscitation with the goal of restoring pre-
injury physiology before returning to the operating room
for additional surgery [2—4].

Although widely assumed to reduce mortality in critic-
ally injured patients [5], survivors of DC surgery have
been reported to have a high risk of complications (e.g.,
intra-abdominal sepsis, enteric fistulae, and complex
ventral herniae) and often suffer long lengths of ICU
and hospital stay [2, 4, 6-11]. It is therefore important
to ensure that DC surgery is only performed on patients
in which the expected survival benefit of the procedure
outweighs its expected risk of negative consequences [1].
Despite this, the benefit/risk profile of using DC surgery
in different clinical situations has not been comprehen-
sively evaluated, and several authors have recently re-
ported data suggesting that substantial variation in use
of DC surgery exists across trauma centers or that it
may be overused [12-15].

We hypothesize that variation in use of DC surgery
may be at least partially explained by the uncertainty
that exists as to when the procedure is indicated [1, 2].
Thus, we recently initiated a program of research to de-
velop evidence-informed indications for the appropriate
use of DC surgery and DC interventions in civilian
trauma patients [1-3, 16—18]. The purpose of this sys-
tematic review and meta-analysis was to determine
which indications for DC surgery and DC interventions
in civilian trauma patients have evidence supporting that
they are reliable and/or valid (and in which clinical situ-
ations evidence supports use of DC or that DC improves
outcomes). The data reported in this study therefore
provide a comprehensive assessment of the reported
studies evaluating whether use of DC instead of defini-
tive surgery is associated with improved outcomes in in-
jured patients.

Methods

Protocol

Study methods were pre-specified in a protocol devel-
oped according to the Preferred Reporting Items in Sys-
tematic Reviews and Meta-analyses [19] and Meta-
analysis of Observational Studies in Epidemiology [20]
statements.
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Search strategy

Using published search strategies designed for identify-
ing indications for DC surgery and DC interventions in
trauma patients, we searched MEDLINE, EMBASE,
PubMed, Scopus, Web of Science, and the Cochrane Li-
brary from their inception to April 1, 2019 without re-
strictions (see Supplementary Table 1 in our published
protocol paper [1] for details of our electronic biblio-
graphic database search strategies). We also used the
PubMed “related articles” feature and searched refer-
ences from included and relevant review articles and ab-
stracts from conferences held between 2009 and 2015,
including meetings of the American Association for the
Surgery of Trauma (AAST), Australasian Trauma Soci-
ety, Eastern Association for the Surgery of Trauma
(EAST), Trauma Association of Canada, and Western
Trauma Association (WTA). To identify unpublished
studies, we searched 12 trauma organizational websites
[1] and Google Scholar (the first 10 web pages) using
combinations of the terms trauma, injury, abbreviated
surgery, bailout surgery, damage control, damage control
surgery, indication, and predictor.

Study selection

Two investigators (D.J.R., N.B.) independently screened
the titles and abstracts of citations identified by the
search and selected articles for full-text review. We in-
cluded full-text studies that reported original data on the
reliability or validity of suggested indications for DC sur-
gery or DC interventions in civilian trauma patients. We
excluded studies that included only patients injured in
combat or by thermal mechanisms or focused exclu-
sively on DC for emergency general or vascular surgery
or orthopedic or neurologic injuries. Study eligibility dis-
agreements were resolved by consensus between the two
investigators.

Definitions
An indication was defined as a clinical finding/circum-
stance or scenario that reportedly advised use of DC sur-
gery (or a DC intervention) over definitive surgery (or a
definitive surgical intervention) [1]. DC surgery was
broadly defined as a multi-step operative intervention,
which included an abbreviated initial surgical procedure
that aimed to rapidly control bleeding and/or gross con-
tamination [1]. We did not predefine DC interventions.
Instead, we included articles that satisfied the above cri-
teria where an indication was reported for a surgical
intervention suggested by authors to constitute DC or
an abbreviated surgical technique [e.g., temporary ab-
dominal closure (TAC)/open abdominal management
after trauma laparotomy] [1, 2].

Indication reliability was defined as the degree to
which the same decision to conduct DC was made when
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surgeons were provided the same clinical finding/sce-
nario (test-retest) or when encountered by the same sur-
geon (intra-rater) or different surgeons (inter-rater).
Validity included content, construct, and criterion valid-
ity (see Table 1 for detailed definitions of these mea-
sures) [21, 22]. Content validity was defined as the
extent to which surgeons reported that they would per-
form DC in a given clinical scenario or that an indica-
tion predicted use of DC in practice [21, 22]. Construct
validity referred to how well one indication or a combin-
ation of indications and demographic variables predicted
poor outcomes in patients not treated with DC (i.e., the
extent to which an indication was associated with a
higher probability of poor outcomes in patients treated
with definitive surgery and therefore should be consid-
ered as a potential indication for DC) [21, 22]. Criterion
validity referred to the extent to which the utilization or
conduct of DC instead of definitive surgery for one or
more indications was associated with improved patient
outcomes [21, 22].

Data extraction

Two investigators (D.J.R., N.B.) independently extracted
data from included studies into pilot-tested tables sum-
marizing characteristics of the included studies and the
content, construct, and criterion validity of suggested in-
dications for DC surgery and DC interventions (Table
1). An interpreter assisted with data extraction for one
Russian [23] and two Mandarin Chinese [24, 25]
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language studies. We extracted data on (1) study design,
setting, and participants; (2) suggested indications for
DC surgery or DC interventions as reported by study au-
thors; and (3) measures of indication reliability and val-
idity. For content validity, we extracted data on the
percentage of surgeons that reported that they would
perform DC in a given clinical scenario or odds ratios
(ORs) or hazard ratios (HRs) [with surrounding 95%
confidence intervals (CIs)] indicating the degree to
which that indication predicted use of DC in practice.
For construct validity, we extracted data on how well
one indication or a combination of indications predicted
outcomes in patients not treated with DC. Finally, for
criterion validity, we extracted data on the extent to
which the utilization or conduct of DC instead of defini-
tive surgery for one or more indications was associated
with patient outcomes. Outcomes of interest for the as-
sessment of construct and criterion validity included
survival, development of coagulopathy, reported mea-
sures of morbidity, and lengths of hospital and ICU stay.
Outcomes were extracted at the longest follow-up dur-
ation. When both unadjusted and adjusted outcome esti-
mates were reported, the most adjusted estimate was
extracted.

Risk of bias assessment

The same two investigators independently evaluated
study risk of bias. Cohort studies were assessed using an
expanded version of the Quality in Prognosis Studies

Table 1 Definitions of indications for use of damage control content, construct, and criterion validity

Type of Epidemiologic definition [21 22] Operationalized definition Theoretical example of study

measurement evaluating indication content,

validity construct, or criterion validity

Content Extent to which the indication Extent to which surgeons reported that In a cross-sectional survey of surgeons, X%
incorporates the domain of the they would perform DC in a given clinical  reported that they would perform DC
phenomenon under study (e.g., the extent scenario or that an indication predicted when a major abdominal vascular injury
to which the indication includes clinical use of DC in practice was identified at laparotomy
situations that surgeons feel may In a cohort study, the intraoperative
influence use of DC or that is associated identification of a major abdominal
with the choice to perform DC over vascular injury was associated with OR of
definitive surgery) X (95% Cl, X-X) for performing DC instead

of definitive surgery in practice

Construct Extent to which the indication How well one indication or a combination In a cohort study, the intraoperative
corresponds to theoretical concepts of indications and demographic variables  identification of a major abdominal
(constructs) under study (e.g., if an predicted poor outcomes in patients not  vascular injury was associated with an
indication has construct validity, it should  treated with DC (i.e, the extent to which  increased risk of mortality in patients who
be associated with poor patient outcomes an indication was associated with a higher underwent definitive laparotomy for
when patients undergo definitive instead ~ probability of poor outcomes in patients ~ trauma
of DC surgery) treated with definitive surgery and

therefore should be considered as a
potential indication for DC)
Criterion Extent to which the indication related to a Extent to which the utilization or conduct  In a cohort study, use of DC instead of

reference standard (e.g., the extent to
which conducting DC instead of definitive
surgery in that clinical situation was
associated with an improvement in
outcomes)

of DC instead of definitive surgery for one
or more indications was associated with
improved patient outcomes

definitive surgery for patients with a major
abdominal vascular injury was associated
with an improvement in in-hospital ad-
justed mortality

Where Cl indicates confidence interval; DC, damage control; and OR, odds ratio
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tool [26, 27], which included questions regarding study
participation and attrition; indication or outcome descrip-
tion and measurement; confounding measurement and
account; whether the operative profile chosen (i.e., DC
versus definitive surgery) may have varied in relation to
the indication of interest; and methods and reporting of
statistical analyses (see Supplemental Digital Content 1 for
the operationalized list of quality domains evaluated) [26—
28]. For cross-sectional studies, we evaluated sampling
methods, response rates, and whether the reported
methods would permit replication; sample was representa-
tive of the population; questionnaire was adequately de-
scribed, pretested, and had evidence of reliability and/or
validity; statistical methods; and if all respondents were
accounted for [29]. The assessment of statistical analyses
incorporated recommendations for appraising logistic re-
gression models [30, 31]. Disagreements regarding risk of
bias assessments were resolved by consensus.

Data synthesis

We used directed qualitative content analysis to group
unique indications into the subcategories and categories
of a previously developed framework for conceptualizing
indications for DC [3, 32]. We then used a vote counting
scale [33] to incorporate our risk of bias assessments into
the synthesis of evidence regarding whether indications
were reliable and/or valid [26]. The aggregate scale sum-
marized strength of evidence as (1) not reported, (2) in-
conclusive (no evidence or a low to moderate association
in the setting of an overall high amount of bias in at least
one quality domain), (3) a consistently strong association
in the setting of an overall high amount of bias in only
one quality domain, (4) a consistently low to moderate as-
sociation in the setting of an overall moderate amount of
bias in one or more quality domains, (5) a consistently low
to moderate association with a low amount of bias in all
quality domains or a consistently strong association with
an overall moderate amount of bias in one or more study
quality domains, and (6) a consistently strong association
with a low overall amount of bias in all study domains.

Statistical analyses

Inter-investigator agreement regarding full-text article
inclusion was quantified using kappa (x) statistics [34].
We summarized dichotomous data using counts (per-
centages) and compared them using ORs with 95% Cls
or Fisher’s exact tests. We combined adjusted ORs for
indications with similar definitions using Mantel-
Haenszel-weighted DerSimonian and Laird random-
effects models [35]. Heterogeneity in these estimates
were assessed using I” statistics and tests of homogeneity
[36, 37]. We considered two-sided p values < 0.05 statis-
tically significant. Stata MP version 13.1 (Stata Corp.,
College Station, TX) was used for statistical analyses.
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Results

Study selection

Among 34,979 citations identified by the search, we in-
cluded 36 cohort studies (1 = 8160 total trauma pa-
tients) [14, 15, 23, 25, 38—68] and three cross-sectional
surveys (n = 481 total surgeon respondents) [69-72] in
the systematic review (Fig. 1). Agreement between inves-
tigators on full-text article inclusion was excellent (k-
statistic, 0.72; 95% CI, 0.60 to 0.83).

Description of included studies

Characteristics of included cohort and cross-sectional
studies are presented in Table 2 and Supplemental
Digital Content 2, respectively. In total, 67% of the co-
hort studies were published on or after the year 2000
and 91.7% were conducted in single centers and 66.7%
in the USA. Five (13.9%) cohort studies collected data
prospectively. Studies describing age and Injury Severity
Scale (ISS) scores reported enrolling severely injured
(mean/median ISS score range, 17.8-41) young adults
(mean/median age range, 26—51.9 years).

The three cross-sectional studies described results of
two surveys of AAST members (administered in 1997—
1998 [72] and 2005 [69]) and one of Trauma Association
of Canada surgeon members (administered in 2004; re-
sults of which were reported across two publications)
[70, 71]. Surgeon response rates varied from 26% [69] to
84% [70, 71]. Of the respondents, two studies reported
that 73—-85% practiced in academic centers [69, 72] and
one that 45% specialized in trauma and critical care [69].

Risk of bias assessment
The risk of bias assessment for the 36 included cohort
studies is outlined in Supplemental Digital File 3. Nine
(25.0%) studies were at high risk of study participation
bias, 17 (47.2%) reported outcome comparisons at high
risk of confounding, and 28 (77.8%) did not report
follow-up duration. Six of the nine studies at high risk of
study participation bias evaluated the construct validity
of indications among patients treated only with DC sur-
gery (and therefore outcomes associated with these vari-
ables are better interpreted as predictors of poor
outcome after DC surgery rather than measures of indi-
cation construct validity) [47, 48, 56, 61, 63, 66]. Of the
17 cohort studies that adjusted estimates using logistic
regression, these analyses were at a moderate risk of bias
in 12 studies and a high risk of bias in one study, largely
because of a low or unclear number of events per vari-
able and inadequate reporting of methods used to select
predictor variables and/or build models (Supplemental
Digital Content 4).

The risk of bias assessment for the three included
cross-sectional studies is included in Supplemental
Digital File 5. Two studies described methods that would
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34,979 Citations identified from electronic databases
7,418 MEDLINE
10,537 PubMed
c 10,992 EMBASE
2 3,162 Web of Science
3 2,547 Scopus
E 296 CENTRAL
g 27 Cochrane Library
—»{ 11,727 Duplicate citations excluded
Y
23,252 Titles and abstracts reviewed in duplicate
22,218 Titles and abstracts excluded
g) 12,111 No trauma patients
c 3,233 No evidence for indications for trauma DC
3 171 DC surgery for non-trauma acute care or
3 Ly cardiovascular surgical emergencies
- 195  Trauma DC orthopedics or neurosurgery,
e including trauma DC spinal surgery
':,,"' 115 Military or combat DC surgery
2 6,141 Animl or laboratory study
252  Duplicate
— Y
1,034  Full-text articles reviewed in duplicate
997  Full-text articles excluded
14 No trauma patients
61 No trauma DC surgery or DC interventions
290  No indications for trauma DC
5 | |0 Grey literature sources identified that reported N 202 No evidence for indications for trauma DC
5 evidence for indications not identified in included 4 9 DC surgery for non-trauma acute care or
K} peer-reviewed articles cardiovascular surgical emergencies
$ 7 Trauma DC orthopedics or neurosurgery,
z including DC spinal surgery
3 5 Related or unrelated animal or laboratory
7] 2 Studies found through other methods study
1 Search of reference list of included article | 29  Duplicate
1 PubMed “related articles” feature 373  Non-original article
4 Abstract for fully published article
2 Older version of Cochrane systematic
review or CPG with identical indications
1 Institutional Hebrew interpreter unavailable
— Y
3 39 Studies included in the systematic review
S 36 Cohort studies
o 3 Cross-sectional surveys (complete results of
£ which were reported across 4 study
manuscripts)
Fig. 1 Flow of articles through the systematic review. Where CPG indicates clinical practice guideline and DC, damage control

permit replication, identified a sample that was likely
representative of the broader trauma surgical commu-
nity, and adequately described the questionnaire (or pro-
vided it as supplementary material) [70-72]; however,
only one reported that the questionnaire was pretested
[70, 71] and none provided evidence of questionnaire re-
liability or validity.

Reliability and validity of indications for use of DC
surgery and DC interventions

The 39 included studies assessed the content, construct,
and criterion validity of 116 indications for DC surgery
(median per article, 3; range, 1-7) and 32 indications for
TAC/open abdominal management (median per article,

7; range, 1-12). No studies evaluated the reliability of in-
dications for DC surgery or DC interventions.

Content validity

The cross-sectional studies [69-72] evaluated the con-
tent validity of indications for TAC after trauma laparot-
omy by asking surgeons whether open abdominal
management was indicated in different clinical situations
(see Table 3 for assessments of content validity in cross-
sectional and cohort studies). Most respondents sup-
ported use of TAC when they were unable to close the
fascia (or closure was subjectively tight), there was
massive visceral edema, planned reoperation was re-
quired (e.g., to remove packs or perform a “re-look”



Page 6 of 23

10

(2021) 16

Roberts et al. World Journal of Emergency Surgery

sauN(Ul [35s3A del|l 104 Awojosede

9 (€8) sAmuYsp o (£1) DJ dN S 6¢ 39 VSN l ON [65] £661 |8 12 UBWIYSND
saunful [9SSaA Del|l IOy
9 Awoyolede| (g/) aamulysp 1o (7) DA dN 0 9¢ 79 VSN L ON [85] 8661 |2 12 OfjluIeD
€ (€6) Aworosede| Jo/pue (01) AulolodeI0) 3ABIULRQ ge< dN 8¢ Oy pueesz maN L ON [£5] 8661 |8 12 _UYSLIY
9 (001) Aworosede| D 43 8l 0¢ 8vS VSN L ON [95] 100T [e 12 Olsuasy
C Awojosede| (6) ARIULSP 10 (1G) DA 4N 4N 4N 05l elssny l ON [€2] 200z e 10 uisuedy
4 Awololede| (¥g) aAmuyap 1o (91) DA dN 0 dN ove VSN l PaxIN [55] 200T 'fe 13 BiaquysiiH
4 saunful [95s9A 2el|1 10} Awoolede| (7g) AULRP 10 (81) DA 00¢ S 0z/¢ 8yl VSN l ON [G] €00C [e 19 Olsuasy
SaUN(Ul [9559A A1IWR1IXS IO
‘usuopge 159> Yim siuaied oy
€ sanbiuydal aAnesado (//) sAmuYRp O (€7) DA dN N 1N e VSN l SOA [€G] €00C 7 12 Jedny
9 (001) Awozosede| D (03724 8¢ [423 6€1L VSN l PaxIN [¢S] ¥00T [e 19 Olsuasy
psaunlur Janl A-Al 9peIb 1Sy 10y
(18) Awolosede| aAnIuLRP
10 (p1) uonezijogquiaolbue Aq pamolos buped
| onedayuad dnnadesayy Aes yim Awoioieden dN 8 4N /€ epeue) | ON [1S] %007 "|e 12 d1zUd2RN
14 dN 6'GE 4N 67¢ cel VSN L ON [05] 800T ‘[ 39 >Nysey
L Aizbins (05) @Amuyap 10 (05) DA Se dN 4N 06 eulyd L ON [S2] 600C |8 12 NA
L (001) Awozosede| D dN dN dN Shl eJUJY YInos l ON [6¥7] 0LOT [e 12 soulliey|
9 5(001) Awoloiede| D 96¢ L6 6'lS e ueder L ON [8%] 010C |e 19 O10WNSIeN
€ (001) Aworosede| D@ 4N 6l 87 vl ey YInos L ON [£¥) 010Z '[e 19 SuBWISWIWI |
Ainfur JaAl| Jofew Joy Awololede
L (07) enmuyap o (S1) Oa L€ 6 €€ vyl pueul [4 ON [9v] LLOT '|e 32 Iwaluedda
4 Aworolede| (95) sAmUYSP 10 (#) DA 4N v8 L'Le 0l eulyd l ON [v2) 110z e 18 N
SUOI1RISDE| [RUSPONP SSSUXDIYI-||N}
L 1oy Awolosede (6€) aamuYap 10 (19) D ¥C IS4 Y€ 4 SN l ON [S7] L10T "[e 33 Auaghepy
L Aworosede| (0g) aAnIuYaP J0 (07) DA gN 0 q9C 6lC eUjy LINos L ON [ 2LOT "|e 32 AssuuiyD
€ Awolosede| (0g) aamuYep 10 (01) DA 8Ll 94 e 879 VSN L ON [71] TLOT e 12 unew
¢ (1espun ssbeiusdiad) Asbins sAuYSp 10 DJ N [} '8¢ 955 S9LIUNOD 97 001 SOA [e¥] Z10Z "|e 10 221y
(07) uonesado xapul ay3 1e ainpadold aiddiyn
219|dwiod e snsiaA (0g) ainpadold ajddiyp e jo
L a6e1s 151l 3U1 INOYIM 1O Yum Awoolede] DJ pSE €€ q6C Sl VSN L ON [ev] €10 '[e 19 uosdwioy |
S Aworouede| (£8) sAmulsp 1o (€1) DA €C 6 Se yans 1e1eD | SOA [L¥7] #10Z '|e 32 poowiyepy
saunful [eusponp bunensuad xo|dwod 1oy
L Awoyolede| (61) aamuyap 1o (18) DA 4S< 0 q9¢ 9¢ elquiojon L ON [0¥] ¥10€ |8 12 ZouopIO
4 Awolosede| (g/) anmuysp 10 (zz) DA L'LZ ‘SSIN 59 oy 691 VSN l ON [6€] #10T '|e 12 abenes
9 Awolosede| (5€) amuysp 10 (59) DA £'8¢C 99 9¢€e e VSN L ON [8€] 910C e 19 uiney
14 (S€) Asbuns sapuyap 10 (59) Awolosede| D 409C w 0T (343 vsn 4! SOA [S1] £10€ |8 32 uosiep
suonesIpul (%) opowiioyad (s)uonzusAizul [e216INS BLINEI) JUBLIWIOP3I  910DS SS| UBSl\  |OW IUN|q %  “IA ‘abe ues|y ‘ON .
‘ON sjuaned ewneij Anuno> ‘'ON  9Anpadsoid a%Inos

MB3IAI D11_WIISAS 3l Ul PapN|dUl S3IPNIS LI0YOD 9¢ dU3 JO Solspdeiey)) g ajqel



Page 7 of 23

10

(2021) 16

Roberts et al. World Journal of Emergency Surgery

Bupjoed >nedsyuad dnnadessyy yum pabeuew aiem oym syuaned /| Sy3 03 s31eja1 d1RWNST,

Awojosede| a104aq Aydeisboibue paniedas dnosb Huppded

onnadesay) A1es ays ui juaned | 19A0a101 'sanbiuyda) sredas Ainfur onedsy [euonuanuod saye Hupped [eulwopge pasu Ajglewnin 0) pauodal aiam dnoib Awoloiede| aaniuyap sy} ul spudned ay) Jo G Apnis siyy ul,
a3 ays ur pawioyad ainpadoid J1vys pey Awoyosede| HQ Juamispun oym siuaned pE dY3 JO (%) 9L ‘Apnis siya uj,

ueaw e Jo peajsul uelpaw e syuasaidal anjep,

K1sbuns jedibojoinau pue dipadoyuo buipnppx3,

‘sieak Ik pue ‘2inso| |euiwopge

Aierjodwial Dy ‘91 asuodsas ‘Yy ‘DA1329ds011a) ‘191 ‘DAdadsold ‘oid ‘aaiesadoald ‘doaid ‘woos bunesado ‘YO ‘pariodal Jou ‘YN (210s 3[edS AIIaASS Ainfu] MaN ‘SSIN ‘d|gedijdde Jou “yN ‘AHwaIIx/|eIa|a)sojndsnw
WS ‘D1eds Aanas Ainful ‘ss| ‘aanesadoeiul ‘doesiul 4iun aie) aAisualul ‘N uswuedaq Aousbiaw] ‘g3 ‘joiuod abewep D ‘(s)Aep ‘p ‘ewnel] Jo A196ing dY) 10} UOILIDOSSY URILIDWY S31JIPUl |SYY 2J9YM

L Awonoledey (5p) dAMUYIP 10 (5S) D0 N 9 8z le Vs | ON [89] €861 e 12 301§

(S5) saunfuy Jay| Jofew Jo (S)
Jiedal ajdwis Jo (5G) Buppded
L oiedayuad yum Awololeder] dN 839 S0€ e VSN l ON [£9] ¥861 ‘e 19 eUOWIRD

(11) 9beyuoway [eauoyadoal
919A3S 10 (68) sauNful JaAl| Jofew

L 40 Bupped yum (001) Awoloseden [ L 13 13 VSN l ON [99] 0661 e 32 2nD

z (001) Aworosede| D 4N Sl Le 00T VSN L ON (591 661 '[e 13 Yyoung

3 uN YN S8 4N 8€0¢ VSN l ON [¥9] 661 |2 19 piopayIny
(001) Bupped jeulopge-eiiul

9 onnadesay) yum Awolosede| HJ 6/¢€ 08 333 6€ VSN ! ON  [£9] z661 0122107 pue dieys

L Awojosede| () samuyep 10 (z5) DA g€z 0 ole o vsn l ON [29] €661 '|e 39 Opuoioy
(001) Bupped JeUILIOPge-RIIUI

/ onnadesayy yum Awolosede] g 33 0L Ly 0z VSN ! ON [19] 9661 '|e 12 UOsLLIED

14 Awoyolede| (69) sAmuysp 10 (1€) DA 90¢ Vi 413 85 vsn l SOA [09] 2661 ‘[e 19 HubsoD

suoeapUI (%) opowioyiad (s)uonuaaiziul [e2161NS eWINEI) JUBLIWOP3Id 91005 SS| ueapy IO un|q % *IK ‘abe ueapy ‘ON S19UP>
‘ON sjuaned ewneij Anuno> ‘ON aAndadsoud adunos

(PanuIU0D) MIIADI DIRLISISAS DU UJ PRPN|PU S3IPNIS LOYOD 9§ 3y JO SDlsHaIdeIeyD) ¢ ajqeL



Roberts et al. World Journal of Emergency Surgery (2021) 16:10 Page 8 of 23

Table 3 Content validity (surgeons would performed damage control in that clinical scenario or the indication predicts use of
damage control in practice) of reported indications for use of damage control surgery or damage control interventions in civilian
trauma patients

Indication (variable included in statistical Confounding Outcome Content validity
analyses) factors adjusted
for

Surgeon opinions on the content validity of indications for use of TAC/open abdominal management after laparotomy in cross-sectional studies

Prep for a second look [69] NA Percentage of respondents who 6%
would leave the abdomen open

Abdominal organ distention [69] 22%
Inability to close the fascia [69] 20%
Physically unable to close the fascia [70] NA Percentage of respondents 87%
) supporting relevance of indications
Planned reoperation [70] for leaving the abdomen open 80%
Intra-abdominal packing [70] after trauma laparotomy 59%
Magnitude of injury/gestalt [70] 43%
Airway pressure measurements [70] 41%
Bladder pressure measurements [70] 39%
Visual edema of the bowel [70] 33%
Young previously healthy male; grade IV NA Percentage of respondents who
spleen injury identified at laparotomy; would perform TAC?
massive hemoperitoneum (20% blood
volume loss); no other intra- or extra-
abdominal injuries; 45 min laparotomy; given
4 L crystalloid and 4 U PRBCs; intraoperative
temperature 36.2 °C, pH 7.34; INR 1.3; and
[71]
Fascial closure possible without excessive 1%
tension
Fascial closure extremely tight 45%
Fascial closure physically not possible but 51%
skin closure is
Neither fascial nor skin closure is possible 73%
Same as the above scenario except a
splenectomy was performed; intraoperative
temperature 34 °C, pH 7.16, and INR 2.0; and
[71]
Fascial closure possible without excessive 9%
tension
Fascial closure extremely tight 61%
Fascial closure physically not possible but 50%
skin closure is
Neither fascial nor skin closure is possible 75%
Young previously healthy male; presented 75%

with severe hemorrhagic shock (40% blood
volume loss); bleeding grade Ill stellate liver
rupture with devitalization of 30% of the
right hepatic lobe, grade IV spleen injury
which is no longer bleeding, 6 cm
diaphragmatic tear, devascularization of a 6
cm segment of small bowel, and a one-third
thickness circumferential tear of the distal
descending colon; after packing of liver and
spleen and repair of the diaphragm, major
bleeding appears controlled, but there is dif-
fuse oozing from cut surfaces; BP is 80/40
mmHg with vasopressors and after infusion
of 8 L of crystalloid and 16 U PRBCs; intraop-
erative temperature 34 °C, pH 7.16, and INR
2.0; and fascial closure without tension is
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Table 3 Content validity (surgeons would performed damage control in that clinical scenario or the indication predicts use of
damage control in practice) of reported indications for use of damage control surgery or damage control interventions in civilian
trauma patients (Continued)

Indication (variable included in statistical Confounding Outcome Content validity
analyses) factors adjusted
for
possible [71]
Subjectively tight closure [72] NA Percentage of respondents who 77%

were much less or less willing to

Massive bowel edema [72] close the abdomen after trauma 89%
Multiple intra-abdominal injuries [72] laparotomy 21%
Intra-abdominal packing [72] 71%
Fecal contamination/peritonitis [72] 12%
Massive transfusion [72] 19%
Hypothermia [72] 21%
Acidosis (pH < 7.3) [72] 22%
Coagulopathy [72] 31%
Planned reoperation [72] 76%
Pulmonary deterioration on closure [72] 94%
Hemodynamic instability with closure [72] 91%

Association between indications and use of DC in practice [as predicted by cohort studies estimating the association (e.g.,, OR or HR for conducting
DCQ) between certain clinical scenarios and the decision to conduct DC in practice]

Preoperative indications

High 1SS [15] Study site, Use of DCL OR per ISS 1, 1.05 (95% Cl, 1.02-1.07)
penetrating
mechanism, major
abdominal vascular

injury
Systolic BP <90 mmHg on admission and None Use of DCL Not associated with use of DCL
grade -V liver injury [46]
An artificial neural network including Bullet wound Use of DCL Model Se, 83%; model Sp, 93%
variables for bullet wound location (right or  location and
left chest or upper or lower abdominal trajectory pattern,

quadrant) and trajectory pattern [horizontal ~ lowest ED systolic
shift (e.g., one that traversed the abdomen BP

from RUQ to LUQ) or entry wound in back]

and lowest ED systolic BP predicted that DC

laparotomy would be used in patients with

a horizontal shift upper abdominal trajectory

pattern and a systolic BP < 105 mmHg or a

RUQ wound with a bullet retained in the

same quadrant and a systolic BP <90 mmHg

[55]
Intraoperative indications
Major abdominal vascular injury [15] Study site, 1SS, Use of DCL OR, 2.70 (95% Cl, 1.42-5.16)
penetrating
mechanism
Combined AAST grade IlI-V liver and IV-V None Use of DCL All patients with this injury pattern
spleen injury [46] underwent DCL while 42% of those
without it did not (p = 0.02)
AAST grade V liver injury [46] NR Use of DCL Not associated with 1 use of DCL when
compared to patients with grade IlI-IV
injury

Pre- or intraoperative indications (or indications for which the setting was unclear or not specified)

Multiple trauma and AAST grade IlI-V liver in- NR Use of DCL Not associated with use of DCL
jury [46]

Transfusion > 10 U PRBCs and AAST grade NR Use of DCL Not associated with use of DCL



Roberts et al. World Journal of Emergency Surgery (2021) 16:10

Page 10 of 23

Table 3 Content validity (surgeons would performed damage control in that clinical scenario or the indication predicts use of
damage control in practice) of reported indications for use of damage control surgery or damage control interventions in civilian

trauma patients (Continued)

Indication (variable included in statistical Confounding Outcome Content validity
analyses) factors adjusted
for
-V liver injury [46]
Transfusion of a large volume of PRBCs [41]  FFP and fluids Use of DCL OR per PRBC U 1, 1.05 (95% Cl, 0.85-1.29)
administered, BD,
lactate
Transfusion of a large volume of FFP [41] PRBCs and fluids Use of DCL OR per FFP U 1, 0.95 (95% Cl, 0.77-1.18)
administered, BD,
lactate
Administration of a large volume of fluids PRBCs and FFP Use of DCL OR per L of fluids 1, 1.13 (95% Cl, 0.92—
[41] administered, BD, 137)
lactate
A PRBC transfusion volume that exceeds the ~ Admission systolic Use of DCL HR, 2.72 (95% Cl, 1.26-5.91)
CAT [39] BP, MOI, NISS
The number of times the PRBC transfusion Admission systolic Use of DCL HR per CAT multiple, 1.27 (95% Cl, 1.11-
volume exceeds the CAT [39] BP, MOI, NISS 1.47) (survival was 89.3%, 66.7%, 64.3%,
and 75% in CATO, CAT1, CAT2, and CAT3
pts, respectively )[39]
Elevated BD (max BD) [41] PRBCs, FFP, and Use of DCL OR per max BD 1, 1.25 (95% Cl, 0.97-1.61)
fluids transfused,
lactate
Elevated lactate (max lactate) [41] PRBCs, FFP, and Use of DCL OR per max lactate 1, 0.94 (95% Cl, 0.73—

fluids transfused, BD

1.22)

Where AAST indicates American Association for the Surgery of Trauma; BD, base deficit; BP, blood pressure; CAT, critical administration threshold (>3 units of
packed red blood cells administered in 1 h of the first 24 h of injury); DC, damage control; DCL, damage control laparotomy; ED, Emergency Department; GSW,
gunshot wound; ISS, Injury Severity Scale score; INR, international normalized ratio; LUQ, left upper quadrant; pts, patients; NA, not applicable; PPV, positive
predictive value; PRBCs, packed red blood cells; RUQ, right upper quadrant; Se, sensitivity; Sp, specificity; and TAC, temporary abdominal closure

*The definition of TAC in this study did not include mesh fascial closures

laparotomy), or signs of abdominal compartment syn-
drome developed upon attempted fascial closure [69—
72].

Of the cohort studies that evaluated indication content
validity (i.e., whether the indication predicted use of DC in
practice), Hirshberg et al. reported that an artificial neural
network containing torso bullet wound location/trajectory
pattern and systolic blood pressure (BP) in the emergency
department (ED) had a high sensitivity (83%) and specifi-
city (93%) for identifying patients treated with DC laparot-
omy [55]. Further, Watson et al. reported that a major
abdominal vascular injury was independently associated
with the decision to conduct DC laparotomy among pa-
tients enrolled in in the Pragmatic, Randomized Optimal
Platelet and Plasma Ratios (PROPPR) randomized trial
[15]. Another study by Leppéniemi et al. reported that all
patients with a AAST grade III-V liver and IV-V spleen
injury underwent DC laparotomy while 42% of those with-
out this injury pattern did not (p = 0.02) [46]. Finally, Sav-
age et al. reported that packed red blood cell (PRBC)
transfusion volumes exceeding the critical administration
threshold (=3 U PRBCs in 1 hour of the first 24 h of in-
jury) were independently associated with a dose-
dependent increase in use of DC laparotomy [39].

Construct validity

The construct validity of indications (or predictive
models containing a combination of indications, other
clinical findings, and/or baseline demographic variables)
for DC surgery was evaluated in 23 studies, which exam-
ined associations between indications and survival or co-
agulopathy (Table 4). Three studies reported that a high
ISS score, preoperative hypothermia, an elevated base
deficit in the pre- or intraoperative setting, and the iden-
tification of a combined pancreas and abdominal vascu-
lar injury during operation were independently
associated with decreased survival in patients mostly
treated with definitive surgery, suggesting that DC
should be considered in these high-risk scenarios [44,
57, 64]. Interestingly, however, a preoperative pH <7.20
was also independently associated with decreased sur-
vival among injured patients who received DC laparot-
omy in another study (suggesting that it was also a poor
prognostic factor among those treated with DC) [47].
Two other studies evaluated the association between de-
velopment of a laboratory-confirmed coagulopathy (vari-
ably defined), a clinical scenario where DC has long
been recommended over definitive surgery, and an ISS
score >25, systolic BP <70 mmHg, or lowest
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Table 4 Construct validity (how well one indication or a combination of indications and demographic variables predicted patient
outcomes in patients not treated with damage control) of reported indications for use of damage control surgery in civilian trauma

patients
Indication (variable included in statistical analyses) % DC  Confounding factors Outcome Predictive validity
ptsin  adjusted for
the
study
Preoperative indications
Overall injury burden
High 1SS 0 BD, temperature Survival BD, temperature OR per ISS 1, 1.12 (95% Cl, 1.03 to
1.23) [57]
100 None Survival 1 mean ISS in non-survivors vs. survivors (38 vs. 29, p
< 005) [61]
Volume and/or type of resuscitation provided
Transfusion of a large volume of PRBCs 100 None Survival 1 mean U PRBCs transfused in non-survivors vs. survi-
vors (20 vs. 14, p < 0.01) [61]
Degree of physiologic insult
Prolonged duration of hypotension 100 None Survival 1 mean duration of preoperative hypotension in non-
survivors vs. survivors (90 vs. 50 min,, p < 0.05) [61]
Hypothermia (min temperature) 0 BD, ISS Survival OR per min temperature | in °C, 0.32 (95% Cl, 0.15 to
0.64) [57]
Temperature < 35 °C 100 Age, BD, pH Survival | temperature not independently associated with
survival [47]
Elevated BD (max BD) 0 ISS, temperature Survival OR per max BD 1, 0.66 (95% Cl, 0.56 to 0.78) [57]
BD >10.5 mEqg/L 100 Age, pH, temperature Survival 1 BD not independently associated with survival [47]
Decreased pH 100 None Survival | mean pH in non-survivors vs. survivors (7.1 vs. 7.3, p
< 0.05) [61]
pH <7.20 100 Age, BD, temperature Survival 1 pH independently associated with | survival (p =
0.001) [47]
Decreased platelet count 100 None Survival | mean platelet count in non-survivors vs. survivors
(179,000 vs. 229,000 mm?) [61]
Laboratory-confirmed coagulopathy 100 None Survival 1 mean PT (22 vs. 14 s) and PTT (69 vs. 42 s) in non-
survivors vs. survivors (p < 0.05 for both) [61]
PT =165 100 None Survival OR, 0.11 (p < 0.05) [63]
PTT 250s 100 None Survival OR, 0 (survival, 0% vs. 71% with PTT <50 sec; p < 0.05)
[63]
A model included highest ED BD, lowest ED 0 BD, lowest ED temperature, Survival Model Se, 83%; model Sp, 93% [57]
temperature, and 1SS ISS
A model predicting that survival was possible only 100 None Survival Model Se, 25%; model PPV, 100% [49]
when the equation 0.012(age) - 0.707(lowest
preoperative pH) - 0.032(lowest preoperative
temperature in °C) + 6,002 = <0.5
Intraoperative indications
Injury pattern identified during operation
Combined abdominal vascular and pancreas gunshot 20 12 variables® Survival OR, 0.12 (95% Cl, 0.041-0.36) [44]
fnjuries 20 11 variables® Complications  OR, 3.59 (95% Cl, 1.10-11.68) [44]
lliac vessel injury and prolonged duration of 22 None Survival 1 mean duration of hypotension in non-survivors vs.
hypotension survivors who underwent definitive (95 vs. 65 min, p
value NR) and DC (40 vs. 85 min, p < 0.05) laparotomy
[58]
lliac vessel injury and initial temperature < 34 °C 17 None Survival OR, 0.27 (95% Cl, 0.072-1.0) [59]
lliac vessel injury and final temperature < 35 °C 17 None Survival OR, 0.025 (95% Cl, 0.0028-0.23) [59]
lliac vessel injury and initial BD > 15 mEg/L 17 None Survival OR, 0.037 (95% Cl, 0.0072-0.19) [59]
lliac vessel injury and final BD > 6 mEq/L 17 None Survival OR, 0.091 (95% Cl, 0.019-045) [59]
lliac vessel injury and initial pH < 7.1 17 None Survival OR, 0.032 (95% Cl, 0.0055-0.19) [59]
lliac vessel injury and final pH < 7.3 17 None Survival OR, 0.069 (95% Cl, 0.014-0.36) [59]
Penetrating iliac vessel injury and final pH < 7.2 22 None Survival | mean final pH in non-survivors vs. survivors who

underwent definitive (7.11 vs. 7.29, p value NR) and
DC (7.20 vs. 7.32, p value < 0.05) [58]
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Table 4 Construct validity (how well one indication or a combination of indications and demographic variables predicted patient
outcomes in patients not treated with damage control) of reported indications for use of damage control surgery in civilian trauma

patients (Continued)

Indication (variable included in statistical analyses) % DC  Confounding factors Outcome Predictive validity
ptsin  adjusted for
the
study
Penetrating iliac vessel injury and final PT >20 s 22 None Survival 1 final PT in non-survivors vs. survivors who under-
went definitive (25.2 vs. 17.8 sec, p value NR) and DC
(20.2 vs. 159 s, p < 0.05) laparotomy [58]
Penetrating iliac vessel injury and final PTT >70 s 22 None Survival 1 final PTT in non-survivors vs. survivors who under-
went definitive (86.1 vs. 59.2 s, p value NR) and DC
(66.2 vs. 47.8 s, p < 0.05) laparotomy [58]

lliac vessel injury and shock, hypothermia, acidosis, or 18 < 14 variables® Survival Shock, hypothermia, acidosis, and coagulopathy not

coagulopathy (timing of measurement not specified) independently associated with survival [54]

Volume and/or type of resuscitation provided

Transfusion >4 L PRBCs 100 23 variables® Survival Independently associated with | survival [56]

Transfusion > 5 L PRBCs and whole blood 100 None Survival 1 mean volume of PRBCs and whole blood in non-

survivors vs. survivors (8.2 vs. 5.6 L, p < 0.001) [56]
Administration > 12 L PRBCs and/or whole blood, 100 None Survival 1 mean volume of these fluids in non-survivors vs. sur-
other blood products, and crystalloids vivors (15.0 vs. 124 L, p < 0.001) [56]
Degree of physiologic insult
Temperature <34 °C 100 None Survival | mean min temperature in NON-SUNVIvors vs. survivors
(33.9 vs. 350, p < 0.001) [56]

Serum [HCO57] <15 mEqg/L 100 None Survival Serum [HCO57 <15 mEq/L associated with | survival
[56]

pH <72 100 None Survival | mean initial (7.1 vs. 7.4), max (7.2 vs. 7.4), and min
(7.0 vs. 7.2) pH in non-survivors vs. survivors (p < 0.001
for all) [56]

Elevated ACT 23 Unclear for logistic regression  Clinical The mean of 2 ACT measurements (taken within the
coagulo- first 10 min of beginning surgery and repeated ~ 15
pathy© min later) was 180 s in patients with coagulopathy

versus 118 s in those without (p < 0.001) [53] The 1,
2" and mean ACT values were independently
associated with coagulopathy using logistic regression
(p value NR) [53]

Systolic BP <90 mmHg, BD > 7.5 mEq/L, and/or 100 None Survival OR for survival was 0.13 (95% Cl, 0.021-0.77) among

temperature < 35.5 °C at the start of surgery patients who presented with all 3 vs. < 3 variables.
There was also a stepwise | in survival as the no. of
variables present 1 [48]

A model predicted that survival was only possible 100 PRBC transfusion rate, pH 48 h survival Model Se, 77% [65]

when patients lie below and to the right of a diagonal

discriminant line given by the equation PRBC

transfusion rate (U/h) = 35.7(arterial pH) - 242 (for an

arterial pH = 7.2, transfusion rate = 15 U/h)

Pre- or intraoperative indications (or indications for which the setting was unclear or not specified)

Volume and/or type of resuscitation provided

Transfusion > 15 U PRBCs 100 None Coagulopathy® OR, 6.0 (95% Cl, 0.67-75.61) [66]

Transfusion > 10 U PRBCs in the first 24 h and an ISS 31 PRBCs transfused in 24 h, PT & PTT > OR, 7.7 (95% Cl, 1.5-38.8) [60]°

> 25 lowest systolic BP < 70 2°control

mmHg, pH < 7.1, and
temperature < 34 °C

Transfusion > 10 U PRBCs in the first 6 h and an ISS NR 9 variables’ INR>15at6  OR, 4.14 (95% Cl, 0.57-3.18) [50]

>25 h

Transfusion > 10 U PRBCs in the first 24 h and the 31 ISS > 25, PRBCs transfused in -~ PT & PTT > OR, 5.8 (95% Cl, 1.2-28.2) [60]°

lowest systolic BP <70 mmHg 24 h, pH < 7.1, and 2%control

temperature < 34 °C

Transfusion > 10 U PRBCs in the first 6 h and ED NR 9 variables’ INR>15at6  OR, 048 (95% Cl, 0.10-2.23) [50]

systolic BP <70 mmHg h

Transfusion > 10 U PRBCs in the first 24 h and lowest 31 ISS > 25, PRBCs transfused in~ PT & PTT > OR, 8.7 (95% Cl, 1.8-41.8) [60]°

temperature < 34 °C 24 h, lowest systolic BP <70 2°control

mmHg, and pH <7.1
Transfusion > 10 U PRBCs in the first 6 h and ED NR 9 variables’ INN>15at6  OR, 6.10 (95% Cl, 1.54-24.19) [50]
temperature < 34 °C h
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Table 4 Construct validity (how well one indication or a combination of indications and demographic variables predicted patient
outcomes in patients not treated with damage control) of reported indications for use of damage control surgery in civilian trauma
patients (Continued)

Indication (variable included in statistical analyses) % DC  Confounding factors Outcome Predictive validity
ptsin  adjusted for
the
study
Transfusion > 10 U PRBCs in the first 24 h and lowest 31 ISS > 25, PRBCs transfused in ~ PT & PTT > OR, 12.3 (95% Cl, 2.4-64.0) [60]°
pH < 7.1 24 h, lowest systolic BP <70 2°control
mmHg, and temperature <
34 °C
Transfusion > 10 U PRBCs in the first 6 h and ED pH < NR 9 variables’ INR>15at6  OR, 1.69 (95% Cl, 0.56-5.08) [50]
7.1 h

Degree of physiologic insult

Min temperature < 33 °C 100 None Survival OR, 0.20 (p-value reported as NS) [63]

Elevated max BD in the first 24 h in blunt trauma NR Age =55 yr Mortality OR per max BD 1, 1.39 (95% Cl, 1.35 to 1.41) [64]
patients without TBI

Elevated max BD in the first 24 h in penetrating NR Age 255 yr Mortality OR per max BD 1, 1.58 (95% Cl, 1.44 to 1.75) [64]
trauma patients without TBI

Elevated max BD in the first 24 h in blunt trauma NR Age =55 yr Mortality OR per max BD 1, 1.25 (95% Cl, 1.14 to 1.38) [64]
patients with TBI

Min pH <7.18 100 None Survival OR, 0.17 (p < 0.05) [63]

Miscellaneous

Transfusion =10 U PRBCs, lowest ED or intraoperative 100 None Survival 1 survival when 4-5 (0% vs. 82%; p < 0.04) or 2-3
temperature <33 °C, pH <7.18, ED PT 216 s, or ED (17% vs. 82%; p < 0.003) vs. 0-1 of these indications
PTT250s were present [63]

A model including BD, penetrating MOI, TBI, age 255  NR BD, penetrating MOI, TBI, age  75% survival Model Se, 71%; model Sp, 89% [64]

yr, and an interaction between BD and penetrating =55 yr

MOI and BD and TBI. This model predicted that the BD
for which the probability of survival was 75% was 15
mmol/L for young patients without TBI versus 8
mmol/L for patients aged < 55 yr with a TBI and older
patients aged =55 yr

Where ACT, activated coagulation time; BD, base deficit; BP, blood pressure; Cl, confidence interval; DC, damage control; ED, Emergency Department; FFP, fresh
frozen plasma; h, hours; HD, hemodynamic; INR, international normalized ratio; ISS, Injury Severity Scale score; max, maximum; min, minimum; MOI, mechanism of
injury; NISS, New Injury Severity Scale score; NR, not reported; NS, not significant; OR, operating room; PPV, positive predictive value; PRBCs, packed red blood
cells; PT, prothrombin time; PTT, partial thromboplastin time; pts, patients; U, unit(s); Se, sensitivity; Sp, specificity; ULN, upper limit of normal; and yr, years
Variables reported to be entered into the logistic regression model for mortality included age; Revised Trauma Score; systolic BP < 90 mmHg on admission; need
for a major transfusion and volume transfused; need for DC surgery; AAST grade Ill-V pancreas injury and proximal pancreas injury; associated colonic, duodenal,
and vascular injuries; postoperative complications; ICU admission; and length of ICU stay. Variables reported to be entered into the logistic regression model for
complications included age; Revised Trauma Score; systolic BP < 90 mmHg on admission; need for transfusion and volume of blood transfused; need for DC
surgery; grade of pancreas injury; repeat laparotomy; second pancreatic surgery; associated duodenal or vascular injury; intensive care unit (ICU) admission; and
length of ICU stay

PVariables reported to be entered into the regression model included those associated with mortality (p < 0.20) that did not have > 10% missing data. These may
have included, at a minimum, systolic BP and respiratory rate in the ED; Glasgow Coma Scale score, ISS, and Revised Trauma Scale score; preoperative hematocrit;
crystalloids and blood given in the ED; estimated intraoperative blood loss; crystalloids and blood given in the OR; total fluids; and length of stay in the surgical
intensive care unit and hospital

BVariables reported to be entered into the logistic regression model included those associated with survival in bivariate analysis (p < 0.20). These appeared to at
least include ISS > 20; RTS > 0; GCS < 3 or < 9; MOI; absence of spontaneous ventilation, a palpable carotid pulse, or extremity movement; non-sinus rhythm on
the electrocardiogram; systolic BP and respiratory rate as a 3-level or 2-level categorical variable; a pulmonary artery and vein, thorax, thoracic or abdominal
vascular, or liver injury; thoracotomy or laparotomy in the OR; coagulopathy; dysrhythmia; and type of dysrhythmia

“Defined by the authors as the perceived need to initiate DC maneuvers by a surgical attending, which was reported to be subjective, but usually occurred in the
setting of major blood loss, hypothermia, acidosis, and the presence of multiple injuries [53]

9Defined by the authors as diffuse bleeding from all wounds without discrete bleeding vessels, absence of observable clots, prolonged PT and PTT along with
decreased platelet count, or decreased platelet count alone [66]

€In this study, the probability of developing coagulopathy (defined as a PT and PTT > 2 times that of normal laboratory control) in patients who had received a
transfusion of > 10 Us PRBCs in the first 24 h was 10% for those with an ISS > 25; 39% for those with an ISS > 25 and lowest systolic BP < 70 mmHg; 58% for
those with an ISS > 25 and lowest pH < 7.1; 49% for those with an ISS > 25 and lowest temperature < 34 °C; 85% for those with an ISS > 25 and lowest systolic BP
<70 mmHg and temperature < 34 °C; and 98% for those with an ISS > 25 and lowest systolic BP < 70 mmHg, pH < 7.1, and temperature < 34 °C.

fvariables entered into the logistic regression model included FFP:PRBC ratio at 6 h; age > 55 years; 1SS > 25; PRBC, FFP, and platelet U transfused at 6 h;
crystalloids in 24 h; and ED systolic BP < 70 mmHg, temperature < 34 °C, and pH < 7.1
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temperature <34 °C or pH <7.1 in trauma patients
transfused > 10 units of PRBCs in the first 6 or 24 h [50,
60]. Among these studies, the pooled adjusted OR for
development of a laboratory-confirmed coagulopathy
among patients with an ISS score > 25 was 6.11 (95% CI,
1.68-22.16; I* = 0%; heterogeneity p = 0.65), systolic BP
<70 mmHg was 1.66 (95% CI, 0.15-19.10; I* = 79.5%;
heterogeneity p = 0.03), lowest temperature < 34 °C was
7.12 (95% CI, 2.53-20.05; I* = 0%; heterogeneity p =
0.74), and lowest pH < 7.1 was 4.14 (95% CI, 0.60-28.67;
I? = 74.2%; heterogeneity p = 0.05).

Criterion validity

Two studies evaluated outcomes associated with imple-
mentation or utilization of indications for DC surgery
while 14 compared outcomes of patients treated with
DC versus definitive surgery in different clinical situa-
tions (Table 5). Rice et al. reported that, when compared
to only minor deviations, moderate or major deviations
from a protocol that suggested use of DC surgery in in-
jured patients with a temperature <35 °C, lactate >4
mmol/L (or more than twice the upper limit of normal),
or corrected pH < 7.3 was independently associated with
reduced survival [43]. Asensio et al. reported that imple-
menting a guideline that suggested use of DC surgery
for trauma patients with one of 12 different clinical find-
ings/events was associated with a decreased unadjusted
odds of infections, an increased unadjusted odds of ab-
dominal wall closure, and reduced unadjusted lengths of
ICU and hospital stay [52].

Of the remaining 14 studies, Chinnery et al., Rotondo
et al,, and Stone et al. observed a large improvement in
unadjusted survival when DC or staged laparotomy was
used instead of definitive surgery to manage unstable pa-
tients with combined abdominal vascular and pancreas
gunshot injuries, who received > 10 U PRBCs and had >
1 major abdominal vascular and >2 abdominal visceral
injuries, or that developed a coagulopathy during oper-
ation, respectively [44, 62, 68]. In contrast, Harvin et al.
reported that after matching injured patients on propen-
sity scores created using 17 different variables, use of
DC instead of definitive laparotomy (for intra-abdominal
packing, a second-look laparotomy, hemodynamic in-
stability, to expedite postoperative care or intervention,
or for other reasons) was associated with a significantly
increased incidence of gastrointestinal (GI) ileus, GI
bleeding, abdominal fascial dehiscence, superficial surgi-
cal site infection, and death [38]. Moreover, Martin et al.
reported that use of DC laparotomy in trauma patients
with an arrival systolic BP >90 mmHg, no severe TBI,
and no combined abdominal injuries was associated with
an increased adjusted odds of major postoperative com-
plications and an increased adjusted length of hospital
stay when compared to patients with a severe abdominal
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injury who underwent therapeutic definitive laparotomy
[14].

Narrative synthesis of validity of indications for use of DC
surgery

The narrative synthesis of the aggregate evidence for use
of indications for DC surgery is presented in Table 6. Of
the 59 unique indications identified using directed quali-
tative content analysis, two had moderate or strong evi-
dence of content validity [upper quadrant abdominal
gunshot wound with a horizontal shift trajectory (e.g.,
from the right to the left upper quadrant) and a systolic
BP <105 mmHg or right upper quadrant wound with a
bullet retained in the same quadrant and a systolic BP <
90 mmHg). Further, nine had moderate or strong evi-
dence of construct validity (high ISS score, preoperative
hypothermia, unstable patients with combined abdom-
inal vascular and pancreas gunshot injuries, and transfu-
sion >10 U PRBCs and ISS score >25 or lowest
temperature < 34 °C in the pre- or intraoperative setting)
and six had moderate or strong evidence of criterion val-
idity (pre- or intraoperative hypothermia, increased lac-
tate, or decreased pH).

Discussion

This systematic review is the first to comprehensively
compile and critically analyze the evidence for use of DC
surgery and DC interventions in civilian trauma patients.
We identified 39 studies that evaluated the content, con-
struct, and/or criterion validity of 116 indications for DC
surgery. Most were single-center cohort studies that re-
cruited relatively small samples of critically injured pa-
tients. Of the 59 unique indications identified using
content analysis, 10 had evidence of content validity (i.e.,
surgeons self-reported that they would perform DC in
that clinical scenario or the indication predicted use of
DC in practice), nine had evidence of construct validity
(i.e., were associated with poor outcomes in patients
largely treated with definitive surgery, suggesting that
DC be considered in these high-risk scenarios), and six
had evidence of criterion validity (may be associated
with improved outcomes when utilized or when DC was
performed instead of definitive surgery).

Most included studies attempted to validate indica-
tions for use of DC surgery by assessing if they were as-
sociated with poor outcomes (ie., coagulopathy or
reduced survival); however, few studies subsequently
sought to determine if DC improves survival in these sit-
uations and nearly one quarter of these studies included
patients who only underwent DC (and therefore out-
comes associated with these variables are better inter-
preted as predictors of poor outcome after DC surgery
than measures of indication construct validity). Further,
some physiology-based indications were associated with
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Table 5 Criterion validity (extent to which the utilization or conduct of damage control instead of definitive surgery for one or more
indications was associated with patient outcomes) of reported indications for use of damage control surgery or damage control

interventions

Source Treatment or exposure group (n) Comparison group (n) Confounding Outcome(s)
factors
adjusted for
Harvin DC laparotomy (n = 144) for intra- Definitive laparotomy (n = 78) Propensity The adjusted incidence of ileus was
etal. 2016 abdominal packing (68%), a second- scores created  13% (95% Cl, 6-26%) higher in the DC
[38] look laparotomy (6%), hemodynamic using 17 versus definitive laparotomy group
instability (15%), to expedite postoper- different The adjusted incidence of suture line
ative care or intervention (8%), abdom- variables® failure was 7% (95% Cl, 0-14%) higher
inal compartment syndrome in the DC versus definitive laparotomy
prophylaxis (19%), contamination (1%), group
or for other/unclear reasons (1%) The adjusted incidence of Gl bleed
was 4% (95% Cl, 0-7%) higher in the
DC versus definitive laparotomy group
The adjusted incidence of abdominal
fascial dehiscence was 11% (95% Cl, 2—
19%) higher in the DC versus definitive
laparotomy group
The adjusted incidence of superficial
SSIwas 19% (95% Cl, 10-28%) higher
in the DC versus definitive laparotomy
group
The adjusted incidence of death was
18% (95% Cl, 11-26%) higher in the
DC versus definitive laparotomy group
Ordoriez DC laparotomy with primary duodenal  Definitive laparotomy with primary None Survival was 92.9% in the DC versus
et al. 2014 repair (n = 14) for complex penetrating duodenal repair for complex 100% in the definitive laparotomy
[40] AAST grade II-IV duodenal injuries penetrating AAST grade [I-IV duo- group (p > 0.99)
denal injuries (n = 7)
Thompson  DC surgery with or without the first A complete Whipple procedure None for all Survival was 83.3% in the DC versus
et al. 2013 stage of a Whipple procedure for (including reconstruction) at the comparisons  100% in the complete Whipple group
[42] patients with severe index operation for patients with (p > 0.99)
pancreaticoduodenal trauma (n = 12)  severe pancreaticoduodenal trauma Sepsis occurred in 16.7% of the DC
(n=3) versus 100% of the complete Whipple
group (p = 0.01)
Enterocutaneous/enteroatmospheric
fistulae occurred in 8.3% of the DC
versus 66.7% of the complete Whipple
group (p = 0.04)
Rice etal.  Those who had moderate or major Those who had no or minor 13 variables®  Survival at 90 d: adjusted OR, 0.50 (95%
2012 [43] deviations from a protocol that deviations from the DC surgery Cl, 0.27-0.92)
suggested use of DC surgery when protocol (n = 358)°
any of the following were present:
temperature < 35 °C, lactate >4 mmol/
L (or more than twice the ULN), or
corrected pH < 7.3 (n = 92)°
Martin DC laparotomy for patients with an Therapeutic definitive laparotomy in 10 variables® Major postoperative complication:
etal. 2012 arrival systolic BP > 90 mmHg, no patients with an abdomen AIS score adjusted OR, 2.96 (95% Cl, 1.25-6.99)
4] severe TBI (head AlS score < 3),and no >?2 The adjusted length of hospital stay
combined abdominal injuries (n = 62) was 9.69 d longer in patients who
underwent DC instead of definitive
laparotomy (p < 0.001)
Chinnery  DC surgery for unstable patients with  Before use of DC surgery for patients None for both  Survival: OR, 0.082 (95% Cl, 0.014-0.34)
et al. 2012 pancreatic and major associated organ  with this indication (n = 32) comparisons  Postoperative complications (systemic,
[44] and visceral vascular injuries (n = 43) pancreatic, and intra-abdominal): OR,
8.02 (95% Cl, 1.44-80.24)
Mayberry  DC laparotomy for patients with full- Definitive surgery for patients with None Duodenal-related complications: OR,
etal. 2011 thickness duodenal lacerations (n = 25) this indication (n = 16) 0.38 (95% Cl, 0.029-3.83)
[45]
Liu et al. DC laparotomy for patients with a Definitive laparotomy for patients None for both ~ Survival: OR, 3.51 (95% Cl, 1.18-11.73)
2011 [24] preoperative temperature < 35 °C, PT  with these indications (n = 58) comparisons  Complications (pneumonia, peritonitis,

>16s, PTT > 50 s, or pH < 7.3 or who
received > 10 U PRBCs (n = 46)

intra-abdominal abscess, biliary or pan-
creatic fistula, bowel obstruction): OR,
0.29 (95% Cl, 0.12-0.69)
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Table 5 Criterion validity (extent to which the utilization or conduct of damage control instead of definitive surgery for one or more
indications was associated with patient outcomes) of reported indications for use of damage control surgery or damage control
interventions (Continued)

Source Treatment or exposure group (n) Comparison group (n) Confounding Outcome(s)

factors
adjusted for

Yu et al. DC surgery for patients with the Definitive surgery for patients with None for all Survival: OR, 3.03 (95% Cl, 0.66-18.79)

2009 [25] following: preoperative temperature <  these indications (n = 45) comparisons Complications (abscesses, ARDS,
35°C, pH <725, PT > 165, aPTT >50 s, multiple organ failure): OR, 0.29 (95%
or systolic BP < 70 mmHg; transfusion Cl, 0.099-0.80)
>10 U PRBCs; inability to close the Mean ICU LOS: 10 vs. 8 d (p = 0.02)
abdomen because of visceral edema; Mean hospital LOS: 27 vs. 21 d (p =
or a predicted surgical duration > 90 0.01)
min (n = 45)

MacKenzie Laparotomy with early therapeutic Definitive laparotomy for patients None for all  Survival was 100% in the early packing

et al. 2004  perihepatic packing followed by with AAST grade IV-V liver injuries (0 comparisons  versus 63.3% in the definitive

[51] angioembolization for patients with =30)° laparotomy group (p = 0.08)

AAST grade IV-V liver injuries (n = 7)¢ Complications in the early packing vs.
definitive laparotomy group included
liver necrosis (OR, 4.88; 95% Cl, 0.49—
41.81), sepsis (OR, 1.75; 95% Cl, 0.21-
12.67), abscesses (OR, 6.75; 95% Cl,
0.62-66.67), and bile leak (OR, 4.38;
95% Cl, 0.56-35.95)
Median hospital LOS: 30 vs. 10.5 d (p
value NR)
Median ICU LOS: 7 vs. 2 d (p value NR)

Asensio After implementation of a guideline Before implementation of the DC None for all Survival: OR, 0.99 (95% Cl, 042 to 2.42)

et al. 2004  that suggested use of DC surgery for  surgery guideline (n = 86) comparisons  Intra-abdominal abscesses: OR, 0.29

[52] patients with the following: transfusion (95% Cl, 0.067 to 0.95)
>4 | PRBCs or > 5 L PRBCs and whole Abdominal fistula(e): 0.34 (95% Cl,
blood combined; total OR fluid (PRBCs 0.059 to 1.32)
and whole blood, other blood Extra-abdominal infection: OR, 0.34
products, and crystalloid) replacement (95% Cl, 0.15 to 0.77)
> 12 L; operating room patient Abdominal wall closure: OR, 44.93 (95%
temperature < 34 °C, serum [HCO5] < Cl, 11.17 to 248.12)

15 mEg/L, or arterial pH <7.2; a Mean SICU LOS: 14.1 vs. 224 d (p =
thoracic or abdominal vascular injury 0.02)

or complex hepatic injury requiring Mean hospital LOS: 229 vs. 368 d (p =
packing; those requiring ED or 0.08)

operating room thoracotomy; or

patients that develop intraoperative

coagulopathy or dysrhythmias (n = 53)

Apartsin DC laparotomy for liver and Definitive laparotomy for liver and None for both  Survival for liver and retroperitoneal

et al. 2002  retroperitoneal injuries (n = 62) or retroperitoneal (n = 59) and major comparisons injuries: OR, 2.73 (95% Cl, 1.15 to 6.60)

[23] major small bowel injuries (n = 15) small bowel injuries (n = 14) Survival for patients with major small

bowel injuries: OR, 10.08 (95% Cl, 1.44
to 80.87)

Carrillo DC laparotomy for patients with Definitive laparotomy for patients None for both  Survival overall: OR, 0.71 (95% Cl, 0.16—

etal. 1998  penetrating injuries to the iliac vessels  with this indication (n = 50) (13 had  comparisons ~ 3.70)

[58] (n=14) (11 had combined combined arteriovenous injuries) Survival for patients with combined
arteriovenous injuries to the common injuries: OR, 6.25 (95% Cl, 0.50-324.50)
and external iliac vessels)

Rotondo DC laparotomy for penetrating trauma  Definitive laparotomy for penetrating None Survival: OR, 26.67 (95% Cl, 1.84-

etal. 1993  patients requiring transfusion of > 10 U trauma patients with this indication 1296.95)

[62] PRBCs before completion or (n=29
termination of laparotomy with 2 1
major abdominal vascular injury and 2
2 abdominal visceral injuries (n = 13)

Carmona  Therapeutic liver packing for patients  Definitive surgery for patients with None for both  Survival: OR, 2.05 (95% Cl, 0.19-27.79)

etal. 1984  with intraoperative hemodynamic this indication who were similarly comparisons Infection: OR, 0.75 (95% Cl, 0.13-4.43)

[67] instability after more conventional matched on age, mechanism of
techniques of hemorrhage control injury, and associated injuries (n =
(e.g., direct, Pringle maneuver, hepatic ~ 14)
artery ligation) had failed (n = 17)

Stone et al. DC laparotomy followed by closure of  Definitive laparotomy for patients None for all Survival: OR, 23.83 (95% Cl, 2.22—
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Table 5 Criterion validity (extent to which the utilization or conduct of damage control instead of definitive surgery for one or more
indications was associated with patient outcomes) of reported indications for use of damage control surgery or damage control

interventions (Continued)

Source Treatment or exposure group (n) Comparison group (n) Confounding Outcome(s)
factors
adjusted for

1983 [68]  the abdomen under tension for who develop coagulopathy during comparisons  1102.13)

patients who develop coagulopathy
during operation (n = 17)

operation (n = 14)

All survivors (including n = 12
managed with DC and closure of the
abdomen under tension and n =1
managed with definitive laparotomy)
developed complications, including
wound infections (100% of those
managed with DC), intra-abdominal
abscesses (69.2% of the 13), and intes-
tinal fistulae (15.4% of the 13)

Where AIS indicates Abbreviated Injury Scale; BD, base deficit; BP, blood pressure; Cl, confidence interval; d, days; DC, damage control; ED, Emergency
Department; Gl, gastrointestinal; LOS, length of stay; MOI, mechanism of injury; NR, not reported; OR, odds ratio; PRBC, packed red blood cells; SICU, surgical

intensive care unit; SSI, surgical site infection; and TBI, traumatic brain injury

Variables reported to be used to generate propensity scores for matching between the groups included ISS; age; gender; mechanism of injury; ED systolic BP; ED
Glasgow Coma Scale score; ED BD; ED activated clotting time; ED percent lysis at 30 min; ED PRBC transfusion; time in ED; final operating room temperature; final
OR systolic BP; total operating room PRBCs; final operating room pH; final operating room BD; and final operating room lactic acid

PWhere minor deviations included departures deemed not clinically significant; moderate deviations included care, which although departures were present,
mostly followed protocol; and major deviations included those that did not meet the standards outlined in the protocol.

“Variables reported to be entered into the logistic regression model included age; gender; injury type; time from injury to hospitalization; PRBCs transfused before
hospitalization; ISS; Glasgow Coma Scale score; shock; baseline hemoglobin, creatinine and activated PTT; country; and patients who did not require DC for both

outcome comparisons

“Variables reported to be entered into logistic and linear regression models included age; gender; mechanism of injury; head injury; major extremity injury;

combined abdominal injury; ISS; presenting vitals; BD; and need for colon resection

€In this study, 15 of the patients in the definitive laparotomy group were reported to ultimately need abdominal packing after conventional hepatic injury repair
techniques. Moreover, 1 patient in the early therapeutic packing group received angiography before laparotomy

reduced survival in patients managed with definitive sur-
gery [an elevated preoperative BD [57] and DC surgery
[a preoperative pH < 7.20 [47]. This last finding suggests
that although several measures of physiological com-
promise have been assessed by both international ex-
perts and practicing surgeons to be highly appropriate
indications for use of DC [3, 16, 17], some data suggest
that there may be a point beyond which physiologic de-
rangements have progressed too far for DC surgery to
improve survival [49].

We identified only six indications that had evidence to
support that their utilization or the conduct of DC sur-
gery may improve patient survival. These indications
represent those with the most evidence to support their
use and include the finding of hypothermia or acidosis,
development of a coagulopathy during operation, or the
identification of two injury patterns that preclude expe-
dient definitive repair (combined abdominal vascular
and pancreas gunshot injuries and > 1 major abdominal
vascular and > 2 abdominal visceral injuries in patients
who have received > 10 U PRBCs) [44, 62, 68]. However,
as these were observational studies and operative profile
(i.e., DC versus definitive surgery) was not randomly
assigned, there were likely other, unmeasured reasons
why surgeons chose to perform DC in these studies that
are related to the risk of future outcomes (i.e., the stud-
ies were likely confounded by indication) [73].

Those indications with evidence suggesting that they
may be associated with poor outcomes or that outcomes
may be improved with use of DC surgery represent tar-
gets for focused future research efforts (Table 6). As
studies cannot deliver an unbiased and meaningful as-
sessment of validity if the type of operative procedure
varies in relation to the indication of interest [28], subse-
quent study of indications for DC surgery must compare
the outcomes of performing DC versus definitive surgery
in patients with well-defined indications. This should
begin with prospective cohort studies designed to esti-
mate the causal effects of DC surgery by controlling for
confounding by indication using multivariate adjust-
ment, propensity scores, or other techniques [73]. A ran-
domized controlled trial would provide the least biased
estimates of the benefit/harm ratio of DC compared to
definitive surgery in different clinical circumstances. Ini-
tial trials should randomize patients to DC or definitive
surgery in those clinical circumstances with the greatest
uncertainty about the potential role of DC surgery (ie.,
those indications listed in Table 6 that have no or
equivalent evidence of content, construct, and criterion
validity). While the above studies are being designed and
conducted, creation of a list of DC consensus indications
may allow for the conduct of quality improvement or
knowledge translation interventions to decrease overuti-
lization of DC in trauma patients.
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Table 6 Narrative (vote counting) synthesis of evidence for indications for use of damage control surgery in civilian trauma patients

Indication Category Content Validity Construct Validity Criterion
Subcategory Surgeon Cohort Predicts Predicts Reduced Validity
Unique Indication Surveys Studies Coagulopathy Survival
Preoperative indications
Injury pattern
Upper quadrant abdominal GSW with a horizontal shift trajectory (e.g., 0 0 0 0
from the RUQ to the LUQ) and a systolic BP <105 mmHg [55]
RUQ wound with a bullet retained in the same quadrant and a systolic 0 0 0 0
BP <90 mmHg [55]
Overall injury burden
High ISS score [57. 61] [ o [ o ] 0 N 0
Volume and/or type of resuscitation provided
Transfusion of a large volume of PRBCs [24, 25, 61] [ 0 [ 0 [ 0 [ +/- | +/-
Degree of physiologic insult
Systolic BP <70 mmHg [25] 0 0 0 0 +/-
Prolonged duration of hypotension [61] 0 0 0 +/- 0
Systolic BP <90 mmHg on admission and grade III-V liver injury [46] 0 +/- 0 0 0
Hypothermia [24, 25, 47, 49, 57] 0 0 0 +/-
Acidosis (T BD or decreased pH) [24, 25, 47, 49, 57, 61] 0 0 0 + +/-
Thrombocytopenia [61] 0 0 0 0 0
Laboratory-confirmed coagulopathy (TPT and/or PTT) [24, 25, 61, 63] 0 0 0 +/- +/-
Intraoperative indications
Injury pattern identified during operation
Thoracic or abdominal vascular injury [15, 52] 0 i 0 0 +/-
Unstable patients with combined abdominal vascular and pancreas 0 0 0 +
gunshot injuries [44]
Penetrating trauma patients requiring >10 U PRBCs with >1 major 0 0 0 0 4
abdominal vascular injury and >2 abdominal visceral injuries [62]
Iliac vessel injury [58] 0 0 0 0 +/-
And prolonged duration of hypotension [58] 0 0 0 +/- 0
And initial temperature <34°C [59] 0 0 0 +/- 0
And final temperature <35°C [59] 0 0 0 i 0
And initial BD >15 mEq/L or pH <7.1 [59] 0 0 0 + 0
And final BD >6 mEq/L or pH <7.3 [59] 0 0 0 i 0
And final PT >20 sec or PTT >70 sec [58] 0 0 0 +/- 0
And shock, hypothermia, acidosis, or coagulopathy (intraoperative 0 0 0 +/- 0
timing of measurement NR) [54]
AAST grade IV-V liver injuries or complex liver injuries requiring 0 +/- 0 0 +/-
packing [46, 51, 52]
Inability to control hepatic hemorrhage with conventional techniques of 0 0 0 0 0
hemorrhage control [38, 67]
Combined AAST grade III-V liver and IV-V spleen injury [46] 0 + 0 0 0
Full-thickness duodenal lacerations [45] 0 0 0 0 +/-
Complex penetrating AAST grade II-IV duodenal injuries [40] 0 0 0 0 +/-
Severe pancreaticoduodenal trauma requiring 0 0 0 0 +/-
pancreaticoduodenectomy [42]
Multiple intra-abdominal injuries [72] No 0 0 0 0
Volume, rate, and/or type of resuscitation provided
Transfusion of a large volume of PRBCs (e.g., >10 U or 4 L) [24, 25, No 0 0 +/- +/-
52, 56, 65, 72]
Administration of >5 L PRBCs and whole blood combined or >12 L 0 0 0 +/- +/-
PRBCs or whole blood, other blood products, and crystalloids [52, 56]
Requirement for rapid PRBC transfusion rates and acidosis [65] 0 0 0 +/- 0




Roberts et al. World Journal of Emergency Surgery (2021) 16:10

Page 19 of 23

Table 6 Narrative (vote counting) synthesis of evidence for indications for use of damage control surgery in civilian trauma patients

(Continued)
Degree of physiologic insult
Systolic BP <90 mmHg at the start of surgery or intraoperative 0 0 0 +/- 0
hemodynamic instability [38, 48]
Hypothermia [48, 52, 56, 72] No 0 0 +/- +/-
Acidosis (serum [HCO3-] <15 mEq) [48, 52, 56] 0 0 0 +/- +/-
Acidosis (BD >7.5 mEq/L) [48] 0 0 0 +/- 0
Acidosis (pH <7.2/7.3) [52, 56, 72] No 0 0 +/- +/-
Systolic BP <90 mmHg, BD >7.5 mEq/L, and temperature <35.5°C at 0 0 0 +/- 0
the start of surgery [48]
Elevated ACT [53] 0 0 +/- 0 0
Coagulopathy [24, 25, 52, 68, 72] No 0 0 0 +
Need for staged abdominal wall reconstruction
Fecal intra-abdominal contamination or excessive intra-abdominal No 0 0 0 0
contamination [38, 72]
Planned reoperation (e.g., to remove intra-abdominal packs or for a Yes 0 0 0 0
second-look) [38, 70, 72]
Abdominal visceral edema [69, 70] No 0 0 0 0
Massive abdominal visceral edema [72] Yes 0 0 0 0
Inability to close the abdominal fascia [69, 70] Yes 0 0 0 0
Signs of abdominal compartment syndrome develop during attempted Yes 0 0 0 0
fascial closure (e.g., pulmonary deterioration or hemodynamic
instability) [70, 72]
To expedite postoperative care or intervention [38] No 0 0 0 0
Pre- or intraoperative indications (or indications for which the setting was unclear or not specified)
Overall injury burden
Multiple trauma and AAST grade I1I-V liver injury [46] [ 0 [+ ] 0 0 0
Volume and/or type of resuscitation provided
Transfusion >10 U PRBCs and AAST grade III-V liver injury [46] 0 +/- 0 0 0
Transfusion >15 U PRBCs [66] 0 0 +/- 0 0
Transfusion of a large volume of PRBCs, FFP, or fluids [41] 0 +/- 0 0 0
Transfusion >10 U PRBCs and ISS >25 or lowest temperature <34°C 0 0 0 0
[50, 60]*
Transfusion >10 U PRBCs and systolic BP <70 mmHg or lowest pH 0 0 +/- 0 0
<7.1[50, 607*
A PRBC transfusion volume that exceeds the CAT [39] 0 i +/- 0 0
The number of times the PRBC transfusion volume exceeds the CAT 0 + +/- 0 0
[39]
Degree of physiologic insult
Hypothermia [43, 63] 0 0 0 +/-
Acidosis (T BD) [41, 64] 0 +/- +/- 3
Acidosis (T lactate) [41, 43] 0 +/- 0 0
Acidosis (decreased pH) [43, 63] 0 0 0 +/-
Miscellaneous
4-5 or 2-3 versus 0-1 of transfusion >10 U PRBCs, lowest ED or 0 0 0 +/- 0
intraoperative temperature <33°C, pH <7.18, ED PT >16 sec, or ED
PTT >50 sec

Where AAST indicates American Association for the Surgery of Trauma; ACT, activated coagulation time; BP, blood pressure; CAT, critical administration
threshold (>3 units of packed red blood cells administered in 1 h of the first 24 h of injury); DC, conduct of damage control surgery; GSW, gunshot wound;
LUQ, left upper quadrant; NR, not reported; PRBCs, packed red blood cells; and RUQ, right upper quadrant.
In one of these studies, temperature <34°C or pH <7.1 was stated to be the lowest value in the first 24 h whereas in the other it was the value measured in the
emergency department.

*Key to Color Coding of Evidence.

*When multiple studies evaluated the indication, the studies with the lowest risk of bias

0 | Not evaluated in the included studies

No | No evidence of content validity in surveys (<50% of respondent surgeons
across the included cross-sectional surveys indicated that they would perform
TAC)

Yes | Content validity in surveys (>50% of respondent surgeons of respondent
surgeons across the included cross-sectional surveys indicated that they would
perform TAC)

+/- | Inconclusive (no evidence or a low to moderate association in the setting of a
high amount of bias in at least one quality domain)

+ | Low evidence (a strong association in the setting of a high amount of bias in
only one quality domain)

Moderate evidence (low to moderate association in the setting of a moderate
amount of bias in one or more quality domains)

Strong evidence (a low to moderate association with a low amount of bias in
all quality domains or a strong statistical association with a moderate amount
of bias in one or more quality domains)

were used for the validity and outcomes assessment above.
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Collectively, the above data suggest that there exists
little evidence to support the high DC surgery utilization
rates reported by many level 1 trauma centers. In a re-
cently reported post-hoc analysis of the PROPPR ran-
domized trial, DC was used among 33% to 83% of
patients requiring urgent laparotomy across 12 of the
participating institutions [15]. Interestingly, although
there was no significant adjusted mortality difference be-
tween these centers, the unadjusted risk of sepsis and
ventilator-associated pneumonia was higher among
those treated with DC laparotomy, suggesting that de-
creasing use of DC among individual trauma centers
may not influence mortality, but may decrease associated
morbidity [15]. These findings are supported by two
studies included in this systematic review, which both
reported that use of DC laparotomy among lower risk
cohorts of injured patients was associated with increased
complications and longer hospital lengths of stay [14,
38]. As these findings may have been influenced by dif-
ferences in patient characteristics between groups in the
above studies, they should be interpreted cautiously and
confirmed by future studies.

This study has potential limitations. First, some of the
indications evaluated in this systematic review were
dependent on a single clinical finding. While experts and
practicing surgeons have previously reported that they
would conduct DC surgery when encountered with cer-
tain single clinical findings (e.g., massive destruction of the
pancreatic head) [3, 16, 17], surgeons frequently decide to
conduct DC surgery only after considering multiple clin-
ical findings simultaneously (Table 6). Second, many of
the indications assessed in the studies included in this sys-
tematic review included static physiologic or laboratory
values as decision thresholds. As surveys have suggested
that practicing surgeons believe that unless physiologic
derangements are persistent during operation that it is
likely safe to attempt a definitive trauma operation, argu-
ably more important than any static value are the trends
in these values during the early resuscitation and operative
phases. Third, as our systematic review included studies of
patients mostly undergoing DC surgery for torso trauma,
our findings likely cannot be generalized to patients
undergoing emergency general, orthopedic, or military
surgery. Finally, although most of the studies included in
this systematic review were reported after the year 2000,
our findings must be interpreted within the context of the
time range over which they were published (1983-2017).
Recent changes in resuscitation practices have likely re-
sulted in a decrease in the frequency of the need for open
abdominal management because of post-injury abdominal
visceral swelling [74—76]. Moreover, some have suggested
that novel resuscitation strategies may potentially prevent
or treat the lethal triad, which would suggest that the
threshold used to select patients presenting with deranged
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physiology for DC surgery could potentially rise in the fu-
ture pending the results of ongoing research [77].

Conclusions

This systematic review identified a large number of indi-
cations for use of DC surgery in civilian trauma patients.
Few had evidence of validity or that they were associated
with improved outcomes when utilized or when DC was
performed instead of definitive surgery. Appropriately
designed prospective observational studies comparing
the benefit-risk profile associated with conduct of DC
versus definitive surgery for patients resuscitated accord-
ing to currently accepted standards and treated with the
indications identified in this study are therefore urgently
required. In the interim, our findings support that DC
should be used with respect for the uncertainty regard-
ing its effectiveness, and only in those circumstances
where definitive surgery cannot be entertained.
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