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Background: Patients undergoing incisional/ventral hernia repair are at
risk of developing several postoperative complications particularly venous
thromboembolism (VTE), which is a major cause of morbidity and mortal-
ity. The aim of this study was to assess 30-day postoperative morbidity and
mortality of patients undergoing incisional/ventral hernia repair and to
determine the association between component separation and VTE.
Methods: We reviewed the 2005-2011 American College of Surgeons Na-
tional Surgical Quality Improvement Program databases to identify pa-
tients undergoing incisional/ventral hernia repair. Preoperative variables
and postoperative outcomes were compared between a component sepa-
ration group and a non—component separation group. The %* tests and
Fisher’s exact test were used for categorical variables and ¢ tests for con-
tinuous variables. Logistic regression analysis was performed to determine
preoperative predictors for complications in both groups.

Results: Thirty-four thousand five hundred forty-one patients were included
in our study; 501 patients underwent a component separation procedure.
A higher rate of wound complications, minor/major morbidity, mortality,
and return to the operating room occurred in the component separation
group. However, there was no statistically significant difference in deep vein
thrombosis/thrombophlebitis and pulmonary embolism rates between the
2 groups (P=0.780 and P=0.591, respectively). Several risk factors were sig-
nificantly associated with postoperative complications in both groups.
Conclusions: Component separation is used for large and complex
incisional/ventral hernia repairs to achieve tension-free midline closure.
Although component separation hernia repair is associated with higher
incidence of wound complication, morbidity, and mortality, perhaps
because of the complexity of the defects, it does not seem to be associated
with increased VTE rates. (Plast Reconstr Surg Glob Open 2015;3:¢429;
doi: 10.1097/GOX.0000000000000167; Published online 22 June 2015.)

ver 400,000 patients undergo hernia repair
in the United States each year.! The overall
incidence of incisional/ventral hernia fol-
lowing abdominal surgery is reported to be 3-13%.?
Patients undergoing ventral hernia procedures tend
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to have significant associated comorbidities com-
plicating their repair.** Moreover, operative repair
of abdominal wall hernias oftentimes imposes sig-
nificant physiologic alteration for patients and is
associated with major postoperative complications.”
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Attempting to repair a large ventral hernia primarily
may have potential consequences including altera-
tion of abdominal physiology by increasing abdomi-
nal pressure especially if such a repair is performed
under tension. Traditional methods of hernia repair
have unacceptably high recurrence rates sometimes
in excess of 50% when primary suture repair with
simple fascial approximation is performed.*'" The
field of complex ventral hernia repair has seen sig-
nificant advancements since the introduction of the
component separation technique which was initially
described by Ramirez in 1990." Component sepa-
ration, which allows for repair of abdominal wall
defects as wide as 8-10cm, is based on the concept
of recreating a functional dynamic abdominal wall
through medialization of the rectus abdominis mus-
cles and recreation of the linea alba.” This form of
muscle advancement allows otherwise inoperable
cases to be repaired successfully without tension
and is associated with a significant decrease in recur-
rence rates.'*'* This approach is typically reserved
for patients who cannot be treated with conventional
hernia repair methods because of the complexity of
the abdominal wall defect.

Component separation is not without significant
risk. Its extended subcutaneous dissection for expos-
ing anterior abdominal musculature may lead to
compromised blood supply of the abdominal wall,
raised risk of bleeding and infection, and because
of longer operative times may predispose patients to
increased risk of venous thromboembolism (VTE).
Surgeons must, therefore, be able to balance the
risk of a long and aggressive surgical procedure with
the patient’s desire for clinical improvement. A vari-
ety of conditions associated with ventral hernia also
contribute to the development of VTE, including
obesity, prior operation, pulmonary disease, cortico-
steroid dependency, immobilization, and advanced
age."” Closing large fascial defects may result in in-
creased intra-abdominal pressure leading to the de-
velopment of abdominal compartment syndrome
(ACS) and a predisposition for femoral venous stasis
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with subsequent VTE.'"*!" In this study, the authors
assess 30-day postoperative morbidity and mortal-
ity of patients undergoing incisional/ventral hernia
repair and determine the association between com-
ponent separation and VTE as well as predictors for
specific postoperative complications.

Patient Identification

We performed a retrospective analysis of patients
who underwent incisional/ventral hernia repair us-
ing the American College of Surgeons National Sur-
gical Quality Improvement Program (ACS-NSQIP)
databases for the years 2005-2011. The ACS-NSQIP
is a well-validated, observational cohort study of pa-
tients undergoing non-cardiac procedures under
general, spinal, or epidural anesthesia in more than
400 medical centers nationwide. ACS-NSQIP tracks
patients for 30 days after their operation, providing a
more comprehensive picture of their care.' Patients
were identified using Current Procedural Terminol-
ogy (CPT) codes for incisional /ventral hernia repair
(CPT codes: 49560, 49561, 49565, and 49566). Pa-
tients who underwent a concurrent intra-abdominal
procedure or one involving another part of the body
were excluded to eliminate their confounding ef-
fect on outcome. However, panniculectomy (often
performed as a concurrent procedure because of
the optimized elevation of abdominal pannus), skin
closure procedure (frequently coded as a separate
procedure but done when repairing large abdomi-
nal wound defects), and mesh implantation (may be
included in the ventral hernia repair and therefore
was incorporated in our analysis) were not used as
exclusion criteria. We divided our patient popu-
lation into 2 groups. The first group consisted of
patients who underwent incisional/ventral hernia
repair without the use of component separation; the
second group consisted of patients with ventral her-
nias who were managed with component separation.
The CPT code 15734 (muscle, myocutaneous, or fas-
ciocutaneous flap) was used to identify component
separation procedure in which the aponeurosis of
the external oblique muscle is longitudinally incised,
and the rectus muscle is mobilized toward the mid-
line to facilitate abdominal fascia closure' (Fig. 1).

Preoperative Variables

Data related to patient demographics, preopera-
tive physical status, medical comorbidity, preopera-
tive laboratory results, VIE risk score, concurrent
mesh implantation, and panniculectomy were col-
lected. The VTE risk score (based on the Caprini
risk assessment model) was defined as the number
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\ 2005-2011 NSQIP data base |

Association between Component Separation and VTE

68971 Patients
Incisional or ventral hernia repair

Included patients

49560: Repair initial incisional or ventral hernia; reducible

49561: Repair initial incisional or ventral hernia; incarcerated or strangulated
49565: Repair recurrent incisional or ventral hernia; reducible

49566: Repair recurrent incisional or ventral hernia; incarcerated or strangulated.

Excluded patients

Concurrent Intra-abdominal cavity procedure
Any other body part procedure

34541 Patients
Incisional or ventral hernia repair

Included patients

Panniculectomy and skin manipulation procedure
Mesh implantation for hernia repair

| }

Component separation

15734 : Muscle , myocutaneous, or fasicocutaneous flap; trunk

34040 Patients
Without component separation

501 Patients
With component separation

Fig. 1. Patient selection process.

of well-known risk factors for VTE that are available
in NSQIP database?’: older than 40 years, smok-
ing, chronic steroid use, history of prior operation,
body mass index greater than 25, concurrent pneu-
monia/chronic obstructive pulmonary disease,
totally dependent functional status, pregnancy,
malignancy, sepsis, congestive heart failure, acute
myocardial infarction, and history of peripheral
vascular disease.

Outcome Variables

Outcome variables were characterized as deep ve-
nous thrombosis (DVT)/thrombophlebitis, pulmo-
nary embolism (PE), wound complication, minor/
major morbidity, and mortality. Other outcomes of
interest included return to the operating room (OR)
within 30 days of admission and total operative time.
The NSQIP employs Centers for Disease Control def-
initions for wound infections.?' As such, wound com-
plications were defined by presence of at least one of
the following wound related variables in the NSQIP
registry: superficial surgical site infection (SSI; above
fascia), deep incisional SSI (at or below fascia), or-
gan/space SSI, and wound dehiscence (complete or
partial). These individual wound complication vari-
ables were assessed separately. Major morbidity was
defined by the presence of at least one of the follow-
ing ACS-NSQIP postoperative complications: being
on a ventilator for more than 48 hours, pneumonia,
unplanned intubation, progressive renal insuffi-
ciency, cerebrovascular accident with neurological

deficit, cardiac arrest requiring cardiopulmonary re-
suscitation, myocardial infarction, transfusion within
72 hours, sepsis, and septic shock. Minor morbidity
was defined as a urinary tract infection. Mortality was
defined by death within 30 days of admission.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
(IBM Corp., Armonk, N.Y.) to determine baseline dif-
ferences in demographics, comorbidities, preoperative
laboratory results, concurrent panniculectomy/mesh
implantation, and postoperative complications be-
tween the 2 study groups. The y? test and Fisher’s exact
test were used to analyze categorical variables, and ¢ test
was used to analyze continuous variables. Statistical sig-
nificance was defined as Pvalue less than 0.05. In terms
of specific complications, the odds ratio of component
separation technique was also assessed. A multivari-
ate logistical regression was performed to determine
whether various demographics, comorbidities, and
concurrent procedures served as predictors for respec-
tive complications in both groups. The data reported
are based on 30-day outcomes from incisional/ventral
hernia repair with or without component separation.

Comparison of Preoperative Variables

We identified 34,541 patients who underwent
incisional/ventral hernia repair between 2005 and
2011. Five hundred and one patients underwent
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component separation as part of this repair, whereas
34,040 patients did not. One reason for the small
number of cases in the component separation group
(N = 501) may be attributed to a rigorous patient
selection criteria. To eliminate all potential con-
founding effects of other procedures, patients who
underwent concurrent surgeries were excluded
from our analyses. Despite the small number, this
group represents patients who underwent a com-
ponent separation procedure only and represents
the ideal cohort for analysis. There were more male
patients in the component separation group than
the non—component separation group (46.39% vs.
41.7%, P=0.003). The mean ages in the component
separation group and non—component separation
group were 56.15+13.037 and 55.76+14.494 years,
respectively (P = 0.510). There was no statistically
significant difference in race between the 2 groups
(P = 0.121). Analysis of preoperative comorbidity
variables showed a significant difference in open/
infected wound (P = 0.016), American Society of
Anesthesiologists (ASA) classification (P = 0.001),
diabetes mellitus (P = 0.009), VTE risk factors
(P=0.008), and malignancy (P = 0.002) between the
2 cohorts. Mesh implantation and panniculectomy
were performed more frequently in component sep-
aration group (46.0% vs. 74.7%, P=0.001 and 1.0%
vs. 5.6%, P = 0.001, respectively). Preoperative labo-
ratory results were identical. These data are summa-
rized in Table 1.

Comparison of Complications

There was no statistical difference in DVT/
thrombophlebitis and PE rate between the 2 groups
(P=0.998 and P= 0.591, respectively). With respect
to individual wound complications, the rate of super-
ficial SSI (2.0% vs. 6.4%, P < 0.001), deep incision-
al SSI (0.8% vs. 2.7%, P <0.001), organ/space SSI
(0.3% vs. 1.2%, P < 0.001), and wound disruption
(0.4% vs. 1.0%, P< 0.001) was significantly higher in
the component separation group. The minor/major
morbidity, mortality, and return to OR rates were
also significantly greater in the component separa-
tion group compared with the non-reconstruction
group (P<0.001, P<0.001, P=0.020, and P< 0.001,
respectively). In addition, operative time was longer
in the component separation group (86.38+55.290
vs. 166.22 +88.748 minutes, P< 0.001). Complication
rates are displayed in Table 2.

The odds ratios of component separation proce-
dure in terms of specific postoperative complications
are shown in Table 3. Superficial SSI, deep incisional
SSI, organ/space SSI, wound disruption, minor,/major
morbidity, mortality, and return to the OR are more
likely to occur in component separation group (odds
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ratio = 2.663, 2.800, 2.948, 2.228, 1.058, 4.217, 3.375,
and 2.154, respectively). However, component separa-
tion procedure was not associated with an increased
probability of DVT/thrombophlebitis and PE.

A multivariate logistic regression analysis was used
to assess the impact of various patient demograph-
ics and comorbidities in the 2 groups (Tables 4 and
5). Several comorbidities served as statistically sig-
nificant associated factors of complications. In the
non—-component separation group, functional status
and VTE risk score were linked to the occurrence of
DVT/thrombosis (odds ratio = 2.447 and 1.451, re-
spectively), and history of prior operation was associ-
ated with an increased risk of PE (odds ratio = 1.146).
In the component separation group, the number
of DVT/thrombosis and PE cases were too small to
devise an ideal logistic regression model. Open/
infected wound served as a common predictor for
superficial SSI, deep incisional SSI, organ/space SSI,
and wound disruption in the non-component sepa-
ration group (odds ratio = 2.598, 4.406, 5.232, and
5.293, respectively) but only for deep incisional SSI in
the component separation group (odds ratio = 2.406).
In both groups, advanced age was the only predictor
for minor morbidity (odds ratio = 1.024 and 1.024,
respectively). Smoking, higher ASA score, and history
of congestive heart failure/myocardial infarction/
angina were common predictors for major morbid-
ity in both groups. In the non—-component separation
group, functional status, body mass index, ASA score,
and VTE score were predictors for mortality (odds
ratio = 4.718, 2,729, 1.337, and 2.006, respectively),
whereas only functional status and ASA score were pre-
dictors in the component separation group (odds ra-
tio = 4.076 and 1.622, respectively). Return to OR was
associated with open/infected wound and bleeding
disorderinthenon—componentseparationgroup (odds
ratio = 3.441 and 2.091, respectively) and with diabe-
tes mellitus in the component separation group (odds
ratio = 2.735).

Immediate postoperative ACS is a serious compli-
cation that can occur following hernia repair. It is de-
fined by an increase of the intra-abdominal pressure
over 25mm Hg (or even over 30 mm Hg), accom-
panied by impairment of different organs and sys-
temic functions.'® #** The pathophysiology of ACS
is considered when intra-abdominal hypertension
leads to compression of the inferior vena cava with
a subsequent decrease in venous return (preload)
and implicitly cardiac output. The ultimate effects of
ACS result in diminished systemic perfusion.'® Fur-
thermore, intra-abdominal hypertension is believed
to result in venous stasis, a factor in Virchow’s triad
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Table 1. Comparison of Preoperative Variables

Without Component

With Component Separation

Preoperative Variables Separation (n = 34,040) (n=501) P
Gender 0.003
Male 14,200 (41.7%) 235 (46.39%)
Female 19,813 (58.2%) 264 (52.7%)
Age (mean + SD) 55.76 +14.494 56.15+13.037 0.510
Race 0.121
White 26,284 (77.2%) 413 (82.4%)
Black 3481 (10.2%) 52 (10.4%)
Asian 183 (0.5%) 1 (0.2%)
Hispanic 578 (1.7%) 2 (0.4%)
American Indian and Alaska Native 311 (0.9%) 2 (0.4%)
Native Hawaiian and Pacific Islander 118 (0.3%) 1(0.2%)
BMI 0.109
Underweight 293 (0.9%) 0 (0%)
Normal 5125 (15.1%) 69 (13.8%)
Overweight 9382 (27.6%) 135 (26.9%)
Obesity 18,773 (55.1%) 295 (58.9%)
Current smoker 0.357
Yes 7375 (21.7%) 100 (20.0)
No 26,664 (78.3%) 401 (80.0)
Alcohol consumption 0.630
Yes 646 (1.9%) 6 (1.2%)
No 29,919 (87.9%) 339 (67.7%)
Weight loss 0.325
Yes 175 (0.5%) 1(0.2%)
No 33,774 (99.2%) 500 (99.8%)
Functional status 0.115
Independent 33,352 (98.0%) 494 (98.6%)
Partially dependent 578 (1.7%) 4 (0.8%)
Totally dependent 92 (0.3%) 3 (0.6%)
Dyspnea 0.735
At rest 221 (0.6%) 4 (0.8%)
Moderate exertion 3031 (8.9%) 40 (8.0%)
No 30,806 (90.5%) 457 (91.2%)
Steroid use for chronic condition 0.575
Yes 957 (2.8%) 489 (97.6%)
No 33,083 (97.2%) 12 (2.4%)
Open/infected wound 0.016
Yes 649 (1.9%) 17 (3.4%)
No 33,391 (98.1%) 484 (96.6%)
ASA classification 0.001
No disturbance 1972 (5.8%) 16 (3.2%)
Mild disturbance 13,912 (40.9%) 252 (50.3)
Severe disturbance 10,222 (30.0%) 222 (44.3)
Life threatening 707 (2.1) 10 (2.0%)
Diabetes mellitus 0.009
Yes 4231 (12.4%) 43 (8.6%)
No 29,809 (87.6%) 458 (91.4%)
Hypertension 0.207
Yes 16,699 (49.1%) 43 (8.6%)
No 17,341 (50.9%) 458 (91.4%)
COPD 0.811
Yes 1687 (5.0) 26 (5.2%)
No 32,353 (95.0) 475 (94.8%)
TIA/CVA 0.436
Yes 1423 (4.2) 13 (2.6)
No 929,138 (85.6) 332 (66.3)
Bleeding disorder 0.162
Yes 1046 (3.1) 10 (2.0)
No 32,903 (96.7) 491 (98.0)
PVD 0.567
Yes 471 (1.4) 4 (0.8)
No 30,092 (88.4) 341 (68.1)
PCI/ cardiac surgery 0.938
Yes 2798 (8.2) 32 (6.4)
No 27,765 (81.6) 313 (62.5)
(Continued)
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Without Component

With Component Separation

Preoperative Variables Separation (n = 34,040) (n=501) P
Systemic sepsis 0.486
Septic shock 25 (0.1%) 0 (0%)
Sepsis 79 (0.2%) 0 (0%)
SIRS 593 (1.7%) 6 (1.2%)
None 33,177 (97.5%) 495 (98.8%)
VTE risk score 3.00 (+0.95467) 2.8566 (+0.98498) 0.008
Preoperative laboratory results (mean) 0.662
Platelet 253.66 (+81.370) 251.93 (+88.331)
PTT 29.605 (+6.6937) 29.388 (+3.7800)
INR 1.0817 (+0.32393) 1.0700 (+0.26153)
PT 12.670 (+3.2244) 13.060 (+3.1302)
Prior surgery 0.150
Yes 300 (0.9) 6 (1.2)
No 28,267 (83.0) 319 (63.7)
Malignancy 0.002
Yes 199 (0.6) 7 (1.4)
No 30,364 (89.2) 338 (67.5)
Mesh implantation 0.001
Yes 15,648 (46.0) 374 (74.7)
No 18,392 (54.0) 127 (25.3)
Panniculectomy
Yes 333 (1.0) 28 (5.6) 0.001
No 33,707 (99.0) 473 (94.4)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; TIA, transient ischemic attack; CVA, cerebrovascular accident; PVD,
peripheral vascular disease; PCI, percutaneous cardiac intervention; SIRS, systemic inflammatory response syndrome; PTT, partial thrombo-
plastin time; INR, international normalized ratio; PT, prothrombin time.

Table 2. Postoperative Complications

Without Component With Component
Total Separation (n = 34,040) Separation (n =501) P

DVT/thrombophlebitis 91 (0.3) 90 (0.3) 1(0.2) 0.998
Pulmonary embolism 58 (0.2) 56 (0.2) 2 (0.4) <0.001
Wound complication

Superficial SSI 703 (2.0) 671 (2.0) 32 (6.4) <0.001

Deep incisional SSI 287 (0.8) 273 (0.8) 14 (2.8) <0.001

Organ/space SSI 116 (0.3) 110 (0.3) 6 (1.2) <0.001

Wound disruption 126 (0.4) 121 (0.4) 5 (1.0) <0.001
Minor morbidity 240 (0.7) 232 (0.7) 8 (1.6) <0.001
Major morbidity 574 (1.7) 542 (1.6) 32 (6.4) <0.001
Mortality 85 (0.2) 80 (0.2) 5 (1.0) 0.020
Return to OR 610 (1.8) 587 (1.7) 23 (4.6) <0.001
Operation time (min) 88.07+57.373 86.38 £55.290 166.22 +88.748 <0.001
Table 3. Odds Ratio of Component Separation Procedure
Postoperative Complication Odds Ratio 95% Confidential Interval P
DVT 0.754 0.105-5.425 0.780
PE 1.131 0.156-8.189 0.903
Wound complication

Superficial SSI 2.663 1.847-3.841 0.001

Deep incisional SSI 2.800 1.624-4.827 0.001

Organ/space SSI 2.948 1.290-6.737 0.010

Wound disruption 2.228 0.907-5.473 0.081
Minor morbidity 1.058 1.029-1.117 0.001
Major morbidity 4.217 2.919-6.093 0.001
Mortality 3.375 1.361-8.366 0.009
Return to OR 2.154 1.406-3.299 0.001

and thus serves as a risk factor for VIE development.
This is corroborated by several authors who report-
ed femoral venous stasis (and thus VIE) during the

6

study of laparoscopic intra-abdominal surgery.
In addition, a majority of well-known risk factors for
VTE can be seen in patients with ventral hernias."

25-27
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Table 4. Statistically Significant Predictors of Postoperative complications without Component Separation

Postoperative Outcome and Comorbidities Odds Ratio P Wald H-L

DVT /thrombosis 0.953
Functional status 2.447 (1.165-5.140) 0.018 5.589
VTE risk score 1.451 (1.227-2.895) 0.023 5.183

PE 0.549
Prior operation 1.146 (1.030-1.699) 0.016 5.799

Superficial SSI 0.456
Smoking 1.346 (1.033-1.754) 0.028 4.849
Open/infected wound 2.598 (1.5689-4.249) 0.001 14.472
Panniculectomy 2.880 (1.831-4.532) 0.001 20.925

Deep incisional SSI 0.981
Functional status 1.887 (1.127-3.159) 0.016 5.834
Open/infected wound 4.406 (2.495-7.783) 0.001 26.107
INR 1.009 (1.002-1.016) 0.010 6.561
Mesh implantation 1.452 (1.091-1.933) 0.020 6.551
Panniculectomy 3.854 (2.130-6.974) 0.001 19.883

Organ/space SSI 0.875
Open/infected wound 5.232 (2.338-11.710) 0.001 16.212

Wound disruption 0.577
Open/infected wound 5.293 (2.538-11.037) 0.002 19.749

Minor morbidity 0.303
Age 1.024 (1.011-1.038) 0.001 13.115

Major morbidity 0.792
Smoking 1.416 (1.021-1.964) 0.037 4.342
Functional status 3.264 (2.466-4.319) 0.001 8.475
Open/infected wound 4.311 (2.832-6.562) 0.001 16.477
Bleeding disorder 1.671 (1.165-2.398) 0.005 7.765
ASA 21.037 (1.866-27.175) 0.014 6.074
Panniculectomy CHF/MI/angina 2.747 (1.516-4.980) 0.001 11.091

Mortality 0.097
Functional status 4.718 (2.801-7.948) 0.001 23.992
BMI 2.729 (1.189-6.262) 0.018 5.613
ASA score 1.337 (1.048-2.389) 0.027 2.170
VTE risk score 2.066 (1.319-3.239) 0.002 10.024

Return to OR 0.055
Open/infected wound 3.441 (2.213-5.349) 0.004 13.123
Bleeding disorder 2.091 (1.457-3.003) 0.001 15.988

CI, confidential interval; H-L, Hosmer-Lemeshow; INR, international normalized ratio; CHF, congestive heart failure; MI, myocardial infarc-

tion; BMI, body mass index.

Table 5. Statistically Significant Predictors of Postoperative Complications with Component Separation

Postoperative Outcome

and Comorbidities Odds Ratio (CI) P Wald H-L
DVT/thrombosis — — — —
PE — — — —
Superficial SSI 0.242
Smoking 1.112 (1.057-2.223) 0.011 2.559
Chronic steroid use 2.502 (2.196-8.905) 0.019 3.562
Deep incisional SSI 0.659
Open/infected wound 2.406 (2.329-4.970) 0.026 1.255
Mesh implantation 1.983 (1.965-2.080) 0.028 1.169
BMI 2.863 (2.373-3.037) 0.030 1.838
Organ/space SSI — — — —
Wound disruption — — — —
Minor morbidity — — — 0.422
Age 1.294 (1.079-1.730) 0.031 7.0.71
Major morbidity 0.387
Smoking 3.010 (3.076-5.723) 0.019 1.707
ASA score 3.021 (3.007-5.669) 0.046 3.609
CHF/MI/angina 1.142 (1.018-3.910) 0.004 2.106
DM 2.185 (2.057-4.444) 0.027 1.959
Mortality 0.092
Functional status 4.076 (2.069-6.089) 0.021 13.074
ASA score 1.622 (1.069-3.428) 0.032 2.451
Return to OR 0.373
DM 2.735 (1.053-4.098) 0.034 4.056

CI, confidential interval; H-L, Hosmer-Lemeshow; BMI, body mass index; CHF, congestive heart failure; MI, myocardial infarction; DM,

diabetes mellitus.



VTE, which includes DVT and PE, is a major
cause of morbidity and mortality among hospital-
ized patients.” In this study, the rate of VTE was not
significantly different between the non-component
separation group and the component separation
group suggesting that restoration of abdominal wall
anatomy and physiology does not vary in terms of
vascular compromise regardless of the type of repair.
Thus, component separation can be performed safe-
ly despite the challenging preoperative conditions
and the stress of long and aggressive procedure.

Abdominal wall compliance together with abdomi-
nal content determine intra-abdominal pressure.'®
Conventional hernia repair techniques entail reducing
the contents of the hernia sac into a tight abdominal
space, which can increase abdominal pressure; its eti-
ology seems to be related to the loss of abdominal wall
compliance.'” On the other hand, release of the exter-
nal oblique muscles by component separation allows
the intra-abdominal volume to be acutely increased.'”
Agnew et al'” assessed the effect of component separa-
tion on abdominal volume using an abdominal com-
puted tomography scan and reported a 6% increase in
intra-abdominal volume after repair from an average
of 7640-8166mL (P= 0.01) implying that component
separation actually helps to prevent the issues associ-
ated with increased intra-abdominal pressure.

Our logistic regression analysis emphasized the
need for proper control and management of preop-
erative risk factors before surgical intervention. To
reduce morbidity and mortality, it is recommended
patients undergo glycemic control of diabetes mel-
litus, strict regulation of hypertension, smoking ces-
sation, loss of weight, and preoperative wound care.
Interestingly, concurrent panniculectomy was a sta-
tistically significant risk factor for superficial SSI and
deep incisional SSI in the non-component separa-
tion group, which was not the case in the compo-
nent separation group. This finding is consistent
with a study by Reid and Dumanian* who showed
that panniculectomy and component separation can
be a safe and effective approach to hernia repair in
morbidly obese patients. Mesh implantation on the
other hand was associated with deep incisional SSI
in the component separation group. This finding is
not uncommon as previous studies have shown the
propensity for synthetic mesh to develop complica-
tions in hernia repair patients, particularly in a con-
taminated field.*** It is, therefore, important that
the surgeon should be attentive to preoperative in-
fection control when performing component sepa-
ration with mesh implantation.

There are limitations that stem from the inherent
characteristics of the database used in this study. In
terms of preoperative conditions, the database does
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not offer information on the size of the defect nor does
it quantify the number of prior hernia repair attempts.
In addition, because this database is organized by CPT
code, various modifications of the component separa-
tion technique could not be assessed. Functional as-
sessment of the abdominal wall and pain also could
not be analyzed. Another factor is that the NSQIP
data set only reflects outcomes within 30 days after an
operation; it is, therefore, difficult to assess long-term
results or quality of life. Despite these, previously pub-
lished studies have been limited by study design and
a small patient population; furthermore, they have
not specifically investigated the association between
component separation and DVT.*** The lack of
specificity of with regard to certain CPT codes in the
ACS-NSQIP database may represent a flaw leading
to inaccurate conclusions. However, by implement-
ing rigorous inclusion criteria our final analyses were
optimized. The use of a nationwide, well-validated,
and large data set may serve as an addition to the
current literature.

The goal of abdominal wall reconstruction is to
restore functional integrity and thereby provide sup-
port, protect the abdominal viscera, and minimize
complications and recurrences. The component
separation technique aids in the management of
complex hernias. It improves abdominal wall physi-
ology and thus may not contribute to the develop-
ment of VIE. Given the multitude of factors and
complexities inherent in ventral hernia patients,
surgeons should make efforts to identify and correct
preoperative risk factors that have been shown to
predispose to complications.

Samuel J. Lin, MD

Division of Plastic Surgery

Beth Israel Deaconess Medical Center
Harvard Medical School

110 Francis Street Suite 5A

Boston, MA 02215

E-mail: sjlin@bidmc.harvard.edu

1. Lomanto D, Iyer SG, Shabbir A, et al. Laparoscopic versus
open ventral hernia mesh repair: a prospective study. Surg
Endosc. 2006;20:1030-1035.

2. DeFrances CJ, Cullen KA, Kozak LJ. National Hospital
Discharge Survey: 2005 annual summary with detailed di-
agnosis and procedure data. National Center for Health
Statistics. In: Vital and Health Statistics; 2007; vol. 13: 1-209.

3. Pagjanen H, Laine H. Operative treatment of massive
ventral hernia using polypropylene mesh: a challenge for
surgeon and anesthesiologist. Hernia 2005;9:62-67.

4. Satterwhite TS, Miri S, Chung C, et al. Outcomes of com-
plex abdominal herniorrhaphy: experience with 106 cases.
Ann Plast Surg. 2012;68:382-388.


mailto:sjlin@bidmc.harvard.edu

Kim et al.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Blatnik JA, Krpata DM, Pesa NL, et al. Predicting se-
vere postoperative respiratory complications follow-
ing abdominal wall reconstruction. Plast Reconstr Surg.
2012;130:836-841.

. CobbWS,Kercher KW, Heniford BT. Laparoscopicrepair

of incisional hernias. Surg Clin North Am. 2005;85:91—
103, ix.

. Jin J, Rosen M]J. Laparoscopic versus open ventral hernia

repair. Surg Clin North Am. 2008;88:1083-1100, viii.

. Cassar K, Munro A. Surgical treatment of incisional her-

nia. Br [ Surg. 2002;89:534-545.

. Paul A, Korenkov M, Peters S, et al. Unacceptable results

of the Mayo procedure for repair of abdominal incisional
hernias. Eur | Surg. 1998;164:361-367.

Flum DR, Horvath K, Koepsell T. Have outcomes of inci-
sional hernia repair improved with time? A population-
based analysis. Ann Surg. 2003;237:129-135.

de Vries Reilingh TS, van Goor H, Charbon JA, et al.
Repair of giant midline abdominal wall hernias: “com-
ponents separation technique” versus prosthetic repair:
interim analysis of a randomized controlled trial. World |
Surg. 2007;31:756-763.

Ramirez OM, Ruas E, Dellon AL. “Components sepa-
ration” method for closure of abdominal-wall defects:
an anatomic and clinical study. Plast Reconstr Surg.
1990;86:519-526.

Lowe JB, Garza JR, Bowman JL, et al. Endoscopically as-
sisted “components separation” for closure of abdomi-
nal wall defects. Plast Reconstr Surg. 2000;105:720-729;
quiz 730.

DiBello JN Jr, Moore JH Jr. Sliding myofascial flap of the
rectus abdominus muscles for the closure of recurrent
ventral hernias. Plast Reconstr Surg. 1996;98:464-469.
Thorbjarnarson B, Goulian D. Complications from use
of surgical mesh in repair of hernias. N Y State | Med.
1967;67:1189-1192.

Mavrodin CI, Pariza G, Ion D, et al. Abdominal compart-
ment syndrome — a major complication of large incisional
hernia surgery. Chirurgia (Bucur) 2013;108:414-417.
Agnew SP, Small W Jr, Wang E, et al. Prospective mea-
surements of intra-abdominal volume and pulmo-
nary function after repair of massive ventral hernias
with the components separation technique. Ann Surg.
2010;251:981-988.

Hall BL, Hamilton BH, Richards K, et al. Does surgical
quality improve in the American College of Surgeons
National Surgical Quality Improvement Program:
an evaluation of all participating hospitals. Ann Surg.
2009;250:363-376.

Senkowski C, Jackson J. Coding hernia and other com-
plex abdominal repairs. Bull Am Coll Surg. 2011;96:42—44.
Pannucci CJ, Bailey SH, Dreszer G, et al. Validation of the
Caprini risk assessment model in plastic and reconstruc-
tive surgery patients. [ Am Coll Surg. 2011;212:105-112.

21.

22.

24.

25.

26.

27.

28.

29.

30.

35.

36.

Association between Component Separation and VTE

Horan TC, Gaynes RP, Martone W], et al. CDC defini-
tions of nosocomial surgical site infections, 1992: a modi-
fication of CDC definitions of surgical wound infections.
Infect Control Hosp Epidemiol. 1992;13:606-608.
Papavramidis TS, Marinis AD, Pliakos I, et al. Abdominal
compartment syndrome—intra-abdominal hypertension:
defining, diagnosing, and managing. | Emerg Trauma
Shock. 2011;4:279-291.

. Malbrain ML, Cheatham ML. Definitions and patho-

physiological implications of intra-abdominal hyperten-
sion and abdominal compartment syndrome. Am Surg.
2011;77 (Suppl 1): S6-SI11.

Dries DJ. Abdominal compartment syndrome: toward
less-invasive management. Chest 2011;140:1396-1398.
Beebe DS, McNevin MP, Crain JM, et al. Evidence
of venous stasis after abdominal insufflation for
laparoscopic cholecystectomy. Surg Gynecol Obstel.
1993;176:443-447.

Sobolewski AP, Deshmukh RM, Brunson BL, et al. Venous
hemodynamic changes during laparoscopic cholecystec-
tomy. | Laparoendosc Surg. 1995;5:363-369.

Ido K, Suzuki T, Kimura K, et al. Lower-extremity ve-
nous stasis during laparoscopic cholecystectomy as as-
sessed using color Doppler ultrasound. Surg Endosc.
1995;9:310-313.

Arnold DM, Kahn SR, Shrier I. Missed opportunities
for prevention of venous thromboembolism: an evalua-
tion of the use of thromboprophylaxis guidelines. Chest
2001;120:1964-1971.

Xourafas D, Lipsitz SR, Negro P, et al. Impact of mesh use
on morbidity following ventral hernia repair with a simul-
taneous bowel resection. Arch Surg. 2010;145:739-744.
Chu CC, Welch L. Characterization of morphologic and
mechanical properties of surgical mesh fabrics. | Biomed
Mater Res. 1985;19:903-916.

. Leber GE, Garb JL, Alexander Al, et al. Long-term com-

plications associated with prosthetic repair of incisional
hernias. Arch Surg. 1998;133:378-382.

. Grevious MA, Cohen M, Jean-Pierre F, et al. The use of

prosthetics in abdominal wall reconstruction. Clin Plast
Surg. 2006;33:181-97, v.

. Pauli EM, Rosen M]. Open ventral hernia repair with com-

ponent separation. Surg Clin North Am. 2013;93:1111-1133.

. Singhal V, Szeto P, VanderMeer TJ, et al. Ventral hernia

repair: outcomes change with long-term follow-up. JSLS.
2012;16:373-379.

Hood K, Millikan K, Pittman T, et al. Abdominal wall re-
construction: a case series of ventral hernia repair using
the component separation technique with biologic mesh.
Am ] Surg. 2013;205:322-327; discussion 327.

Clarke JM. Incisional hernia repair by fascial component
separation: results in 128 cases and evolution of tech-

nique. Am J Surg. 2010;200:2-8.



