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Abstract

To compare the incidence of wound complications between suture and staple skin closure after cesarean delivery.

This prospective, randomized clinical trial conducted at three hospitals in the United States between 2010 and 2012 included women undergoing cesarean delivery at 23 weeks of gestation or greater through a low-transverse skin incision. Women were randomized to closure of the skin incision with suture or staples after stratifying by body mass index and primary compared with repeat cesarean delivery. The primary outcome was incidence of wound complications, predefined as a composite of infection, hematoma, seroma, separation of 1 cm or longer, or readmission for wound complications. Analysis was according to the intention-to-treat principle; results were stratified by randomization group and adjusted for hospital by including it as a covariate.

A total of 746 women were randomized, 370 to suture and 376 to staple closure. The median gestational age was 39 weeks. Fifty-eight women (7.8%) had wound complications—4.9% in the suture group and 10.6% in the staple group (adjusted odds ratio [OR] 0.43, 95% confidence interval [CI] 0.23–0.78); this was largely the result of the decreased incidence of wound separation in the respective groups (1.6% compared with 7.4%; adjusted OR 0.20, 95% CI 0.07–0.51).

Suture closure of the skin incision at cesarean delivery is associated with a 57% decrease in wound complications compared with staple closure.

Clinicaltrials.gov, www.clinicaltrials.gov, NCT01211600.

I

In the United States in 2010, 33% of all deliveries were performed by cesarean, ie, 1.3 million cesarean deliveries per year. The cesarean delivery rate in China is as high as 46%. Despite being the most common major operation performed annually in the United States, there is a paucity of data to guide best practices for closure of the cesarean delivery skin incision.

Most commonly, a cesarean delivery is performed through a suprapubic low-transverse skin incision. At the end of the operation, the skin incision is typically closed with the placement of either a continuous subcutaneous suture that dissolves over time or multiple metal staples that are removed at a later date. A recent Cochrane review comparing suture with staples for cesarean delivery skin closure concluded that future studies are needed that take into consideration the effect of body mass index (BMI, calculated as weight (kg)/[height (m)]2) and primary compared with repeat cesarean delivery in the setting of optimization of operative techniques to decrease the risk of wound complications, eg, preoperative antibiotic prophylaxis, spontaneous placental removal, and closure of the subcutaneous space when it is at least 2 cm in depth. Our objective was to evaluate whether the wound complication rates after cesarean delivery differ between women whose skin incisions are closed with suture as compared with staples.
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MATERIALS AND METHODS

This was a prospective, multicenter, randomized clinical trial conducted at Thomas Jefferson University Hospital in Philadelphia, Pennsylvania, Lankenau Medical Center in Wynnewood, Pennsylvania, and Yale-New Haven Hospital in New Haven, Connecticut. Institutional review board approval was obtained from each hospital. Active enrollment for the study was from 2010 to 2012; the trial was registered on ClinicalTrials.gov (Identifier: NCT01211600).

Women who were candidates for a cesarean delivery through a low-transverse skin incision for delivery of a neonate greater than or equal to 23 weeks of gestation were offered inclusion by an obstetric provider either during their prenatal visits (typically for those undergoing planned cesarean delivery) or when they presented to Labor and Delivery. Women were excluded for poorly controlled diabetes (defined as greater than or equal to 50% of fasting or 2-hour postprandial blood glucose fingersticks greater than 120 and 160, respectively, within the week before delivery), current cesarean delivery through a vertical skin incision, chronic steroid use, active lupus flare, human immunodeficiency virus or acquired immunodeficiency syndrome, current treatment for cancer, a history of radiation to the abdomen or pelvis, current treatment with immunosuppressant medications, or hypersensitivity to either closure material. At Yale, age younger than 18 years was also considered an exclusion criterion as deemed by the institutional review board. Women who signed institutional review board-approved consent preoperatively were randomized during the cesarean delivery.

Randomization was based on a one-to-one computer-generated schema in random-sized blocks (size 4, 6, and 8) stratified within each center by current BMI and primary compared with repeat cesarean delivery: BMI less than 30 with primary cesarean delivery, BMI less than 30 with repeat cesarean delivery, BMI 30 or greater with primary cesarean delivery, and BMI 30 or greater with repeat cesarean delivery. Sequentially numbered opaque envelopes were used to mask the allocation until fascial closure, at which time randomization and allocation were performed.

Consenting patients were randomized to closure of the skin incision with subcuticular continuous 4-0 suture (poliglecaprone or polyglactin) or stainless steel staples. Staples were removed on postoperative days 4–10 at the discretion of the health care provider. Regardless of the material used for skin closure, skin manipulation was performed with Adson forceps. All women had Steri-Strips placed at the time of suture placement or staple removal. The patient was instructed to remove them herself if they did not fall off within 7 days.

Before the cesarean delivery skin incision, all women received abdominal preparation with surgical solution (chlorhexidine or iodine solution) and intravenous antibiotics. Entry into the abdomen was by a low-transverse skin incision. Typically, the placenta was delivered spontaneously. The abdominal closure technique was performed per the discretion of the attending surgeon and typically, the peritoneum was not closed. Once the fascia had been reapproximated, the circulating nurse retrieved the first envelope from the randomization schema. Subcutaneous tissue was closed with plain or chromic gut interrupted suture if the depth of this layer was at least 2 cm.

The primary outcome was the rate of wound complications. Patients with any wound concerns were evaluated by their obstetric provider. Wound complications were evaluated as a composite of: wound infection requiring antibiotics, hematoma, seroma (at least moderate serous drainage, as documented in the medical record), 1 cm or longer disruption in incision (separation), and readmission to the hospital for a wound concern. Incidence of wound complications was determined by review of all office and emergency department records for every patient at 6 weeks postpartum to assess whether the patient was diagnosed with any of the aforementioned wound complications. This was performed by a core group of masked investigators who did not review the operative report and were not aware of how the patient's incision was closed, unless it was documented in the postpartum visit. Additionally, patients were surveyed at their 4- to 6-week postpartum visit to assess if they were evaluated for a wound concern. For patients who did not present for the postpartum visit or who followed up at an outside institution, a phone interview was conducted for survey completion. Wound complication was listed as present if a patient had one or more complications, eg, a patient with a hematoma and separation would be listed once in the category of total patients with at least one wound complication. Prespecified secondary outcomes were total operative duration and duration of skin closure, number of suture or staple packets required for skin closure, length of hospital stay, diagnosis of endomyometritis, preoperative to postoperative hemoglobin difference, and number of wound-related visits within 6 weeks postoperatively. The duration of skin closure was defined as the time from completion of fascial closure to completion of the skin closure.

Prespecified subgroup analyses included: cesarean delivery as related to labor (before labor compared with after the onset of labor, stratified by primary and repeat cesarean delivery); type of suture material used (braided suture compared with monofilament suture); placement of incision with regard to the pannus (above compared with below); and after exclusion of patients with chorioamnionitis.

For the first year of the study, women who declined randomization were asked to provide consent for review of their demographic factors to help assess whether enrollment bias was present. After enrollment ceased, the data were explored for data entry errors and any such findings were corrected. To further assess the accuracy of the data entry, a random sample of 60% of the charts was double-entered to ensure that data entry errors were at a minimum.

The data analyses for this study were generated using SAS 9.3. All analyses were performed based on the intention-to-treat principle and a P value <.05 was considered significant. Unadjusted statistical differences between study groups with regard to details about the labor and delivery process were compared by Pearson χ2 and Fisher's exact test for categorical variables and Student's t test and Mann–Whitney U test for continuous variables, as appropriate for the data distribution. All categorical variables were reported as count and percent; and continuous data were expressed as median and interquartile range, unless otherwise noted.

All general linear models were stratified by randomization group and adjusted for hospital by including it as a covariate. Exact logistic regression was used for the analysis of wound complications, so adjusted odds ratios are reported as the measure of effect from that analysis. The odds ratio approximates the relative risk in this setting. Poisson regression was used for the analysis of number of wound-related visits and a generalized estimating equation with a robust variance estimator was used for the analysis of length of separation.

An estimation of wound complication rate postcesarean delivery of 11% was used to calculate a sample size that would detect a 50% reduction in wound complications with an α of 0.05 and a power of 80%. This required a sample size of 850 women total. We planned to enroll up to 468 women per study arm to account for a potential 10% of study participants to be lost to follow-up. However, as a result of relocation of the study principal investigator and decreasing enrollment, the study was stopped early, after enrolling 746 women. This decision was determined by the site principal investigators in collaboration with biostatisticians. We did not analyze any data until after the decision was made to stop the study.
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RESULTS

Of 1,671 patients screened for participation, 32 were excluded and 269 declined. Therefore, 1,370 women consented to enrollment, of which 746 delivered by cesarean and were randomized (). Three hundred seventy women were allocated to closure with suture (49 Vicryl or Vicryl PLUS; 310 Monocryl or Monocryl PLUS; 11 suture unknown) and 376 to closure with staples.
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Demographics were comparable between the two groups (). Forty-four percent of the participants were African American and 42% Caucasian. The vast majority of women were carrying singleton (94%), term (87%) gestations; 66% were parous, 63% had a BMI 30 or greater, and 48% did not have any prior cesarean deliveries. There were no demographic or medical history differences between women who declined randomization and those who participated (data not shown). There were no material differences between the groups with respect to indication for cesarean delivery, preoperative chorioamnionitis, treatment with prophylactic antibiotics, location of incision as compared with the pannus (when present), estimated blood loss, closure of subcutaneous tissue, or number of staple or suture packets used (). Of note, all patients received prophylactic antibiotics preoperatively; the majority (89%) had 1–2 g of cefazolin intravenously (). None of the patients underwent cesarean hysterectomy or had incisional drains placed. The overall incidence of wound complications was 7.8%. Those closed with suture were 57% (4.9% compared with 10.6%; adjusted odds ratio [OR] 0.43, 95% confidence interval [CI] 0.23–0.78) less likely to have a postoperative wound complication compared with those closed with staples (). There were no significant differences between the groups with respect to occurrence of a wound infection, hematoma, seroma, or readmission for a wound complication; however, those closed with suture were 80% less likely to have a wound separation of 1 cm or greater.
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Duration of operation and duration of closure were significantly longer (by approximately 8 and 9 minutes, respectively) in those closed with suture (). There were no statistically significant differences between groups with respect to hospital stay, treatment with anticoagulation within 24 hours of the cesarean delivery, diagnosis of endomyometritis, or change in hemoglobin levels from preoperative values to postoperative values ().
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Two hundred sixteen (57.6%) patients returned for a visit to remove the staples; the remainder had staples removed before hospital discharge. The median number of days at which staples were removed was 6 (interquartile range 4–9 days). Although women closed with suture were 40% less likely to require an additional visit as those closed with staples, even when not diagnosed with a wound complication (), when the visit for staple removal was not included in the overall wound-related visits, there was no significant difference between the groups in wound-related visits (P=.94).

There were no differences in the distribution of complications when comparing those cesarean deliveries that were performed prelabor compared with those that were performed after the onset of labor (P=.96, Breslow–Day test) nor were there any differences when timing of labor was stratified by primary and repeat cesarean delivery (). Additionally, there were no significant differences when comparing wound complications between women with two compared with three prior cesarean deliveries or three compared with four prior cesarean deliveries. There were no differences when comparing braided suture with monofilament suture (6.1% compared with 4.5%, respectively, P=.70, Pearson's χ2). Only 17 women were reported to have cesarean delivery incisions placed above the pannus, so we did not perform this prespecified secondary analysis. When we analyzed only those women who did not have chorioamnionitis, there remained a significant difference (P<.01, Pearson's χ2) in wound complication rates between those closed with suture (5.1%) and those closed with staples (10.1%). Although likely not clinically significant, the median length of separation in each group was 1.5 cm for sutures and 2.0 cm for staples (P=.04, using a generalized estimating equation model on log-transformed length of separation and adjusting for hospital and group). The majority of patients who had a wound separation either healed spontaneously or had Steri-Strips placed. Two patients required wound packing (one in the suture group, one in the staple group). One patient had a wound vacuum placed. One patient had an evisceration and one had a wound dehiscence; both had initially been closed with staples and both were readmitted for management of these complications.
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DISCUSSION

In our study, in which prophylactic antibiotics were consistently administered before skin incision, suture closure of the skin at cesarean delivery was associated with a significant (57%) decrease in the incidence of wound complications compared with staples, from 10.6% with staples to 4.9% with suture. In particular, wound separation of the skin was significantly decreased to 1.6% from 7.4% in women whose incisions were closed with suture compared with those closed with staples. The decreases in the individual rates of wound infection, hematoma, seroma, or readmission for a wound complication in the suture compared with the staple group were not statistically significant; however, our study was not powered to assess differences in these individual complications. Duration of time required for skin closure was 9 minutes longer with suture compared with staples.

To adequately compare our study to prior literature, we performed a systematic review of the literature through MEDLINE through PubMed, EMBASE, ClinicalTrials.gov, and Cochrane using the search terms “cesarean,” “suture,” “staples,” “wound infection,” and “wound complications” in April 2013 without any restrictions on language. We reviewed the results of our search to identify randomized clinical trials that compared nonabsorbable staples compared with absorbable suture; we identified seven such trials (see Appendix 2, available online at http://links.lww.com/AOG/A485, which depicts an overall summary of the published trials).

The majority of the initial trials compared patient satisfaction, pain perception, and cosmetic outcome of the closure techniques. A recent Cochrane review of six of the seven trials determined that closure with suture compared with staples may have a different effect based on whether the skin incision was vertical or low-transverse: five of the seven studies excluded vertical skin incisions (see Appendix 2, http://links.lww.com/AOG/A485). Despite these studies, a recent survey shows that many practitioners still use staples for closure of cesarean delivery incisions.

The multicenter nature of this study increases its external validity; the study population was diverse with respect to race, marital status, and insurance source.

In conclusion, our study showed a 57% decreased incidence of wound complications when the cesarean delivery skin incision was closed with suture rather than with staples. Although closure with staples is significantly faster than closure with suture, in cases in which speed is not a serious concern, we recommend that the horizontal cesarean delivery skin incision be closed with suture in an effort to decrease cesarean delivery morbidity related to wound complications.
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Variables

Suture Staples Estimate*** (95% CI)

Hospital stay* (d)

Received anticoagulation within 24 h of procedure (preoperatively or

postoperatively)"
Diagnosed with endomyometritis requiring antibiotics”
Decline in hemoglobin from preoperative value (g/dL)*

(n=370) (n=376) (Suture vs Staples)
4.4 (1.0, 8.0) 4.5(3.0,14.0) 0.76 (0.48, 1.21)
14 (3.8) 17 (4.5) 0.68 (0.24-1.88)
11 (3.0 7 (1.9) 1.61 (0.56-5.00)

1.8 (1.2-2.5) 1.8 (1.1-2.5) 0.04 (—0.24 to 0.31)

Cl, confidence interval.
Data are n (%), or median (interquartile range).

* Poisson regression adjusting for hospital and randomization group, incidence rate ratio.
" Exact logistic regression, adjusting for hospital and stratified by randomization group, odds ratio.
* General linear model with robust variance estimates adjusting for hospital and randomization group, difference in means.
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Suture Staples Adjusted OR

Wound Complication (n=370) (n=376) (95% ClI)
Total patients with at least 1 wound complication 18 (4.9) 40 (10.6) 0.43 (0.23-0.78)
Infection 9 (2.4) 14 (3.7) 0.64 (0.24-1.63)
Hematoma 2(0.5) 4(1.1) 0.51 (0.05-3.54)
Seroma 5(1.4) 6 (1.6) 0.84 (0.20-3.32)
Separation 6 (1.6) 28 (7.4) 0.20 (0.07-0.51)
Readmission for wound complication 2(0.5) 3(0.8) 0.69 (0.06-6.02)
All wound visits* 0.9 (0-7) 1.5 (0~7) 0.59 (0.52-0.68)"
No. of visits for women who were diagnosed with wound complication® 2.7 (1-7) 29(1-7) 0.93 (0.63-1.37)*
No. of visits for women who were not diagnosed with a wound 0.8 (0-3) 1.4 (0-6) 0.61 (0.53-0.71)*

complication®

OR, odds ratio; Cl, confidence interval.

Data are n (%) or mean (range) unless otherwise specified.

Data in boldface type are significant findings.

* Exact logistic regression, adjusting for hospital and stratified by randomization group.
" Poisson regression adjusting for hospital and randomization group.

¥ 1hcidence rate ratio.
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Details

Suture (n=370)

Staples (n=376)

Randomization stratum
BMI (kg/m?)
30 or greater, primary cesarean delivery
30 or greater, repeat cesarean delivery
Less than 30, primary cesarean delivery
Less than 30, repeat cesarean delivery
Closure of subcutaneous tissue
Duration of operation** (min)
Duration of skin closure** (min)

109 (29.4
126 (34.1

46.5-75.0)

1(
4 (
201 (543
585(
5(12.0-19.0)

BMI, body mass index.
Data are n (%) or median (interquartxle range).

* Duration of operation (skin incision to skin closure), skin closure (fascial closure to skin closure).

t b 001,
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Enrollment Assessed for eligibility (N=1671)

Not included (n=925)

« Underwent vaginal delivery
(n=624)

«  Declined to participate (n=269)

«  Excluded (n=32): vertical incisions
(n=7); HIV (n=8);poorly controlled
DM (n=13); age <18 years (n=2);
chronic steroid use (n=2)

Randomized (n=746)

Allocation

Allocated to suture (n= 370) Allocated to staples (n=376)
+ Received allocated intervention (n=368) * Received allocated intervention (n=376)
« Did not receive allocated intervention
(n=2): staples chosen for speed of
closure: secondary to insufficient
anesthesia for one patient and unknown

reason for second patient

Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)

Analyzed (n=370) Analyzed (n=376)
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Characteristics

Suture (n=370)

Staples (n=376)

Demographic
Age (y)
Race
African American
Caucasian
Hispanic
Asian
Other
Marital status: married
Education: pursued beyond high school*
Insurance: public
Pregnancy history
Singleton gestation
No. of previous cesarean deliveries
0
1
More than 1
Time since last cesarean delivery (y)
Parous
Gestational age at delivery (wk)
Term gestation (37 wk or greater)
BMI at the time of cesarean delivery (kg/m?)
BMI 30 or greater at the time of cesarean delivery
Medical comorbidities”
Tobacco use
Preoperative
Indication for cesarean delivery
Primary
Scheduled and performed prelabor
In labor
Repeat
Scheduled and performed prelabor
In labor
Chorioamnionitis
Received prophylactic antibiotics preoperatively
Prophylactic antibiotic
Cefazolin
Other
Intraoperative
Estimated blood loss (mL)
No. of staple or suture packets required for closure of skin incision
Skill level of person closing incision®
Attending or Fellow
PGY-4
PGY-3
PGY-2
PGY-1

31.0 (26.9-35.4)

353 (95.4)

180 (48.6,
120 (32.4)
0(18.9
4(2-6)
244 (65.9)
9 (38.0-39.0)
317 (85.7)
32.3 (28.2-37.7)
235 (63.5)
143 (38.6)
2 (14.1)

74 (40.4)
109 (59.6)
165 (88.2)
2(11.8)
6(43)
370 (100.0)

326 (88.1)
44 (11.9)

650 (500.0-800.0)
1.0 (1.0-1.0)

31.0 (26.4-35.6)

167 (44.4)
154 (41.0)
24 (6.4)
22 (5.9)
8 (2.1)
156 (41.5)
192 (62.7)
159 (42.3)

351(93.4)

177 (47.1)
132 (35.1)
67 (17.8)
4 (2-5)
248 (66.0)

39 (38.0-39.0)
329 (87.5)
32.5(28.3-38.3)
238 (63.3)

135 (35.9)

53 (14.1)

79 (44.9)
97 (55.1)

171 (85.5)
29 (14.5)
19 (5.1)

376 (100.0)

336 (89.4)
40 (10.6)

618 (500.0-800.0)
1.0 (1.0-1.0)

73 (20.1)
86 (23.7)
44 (12.1)
103 (28.4)
57 (15.7)

BMI, body mass index; PGY, postgraduate year.
Data are median (mlerquamle range) or n (%).
* For suture n=311; for staples n=306.

" Medical comorbidities include diabetes, hypertension, asthma, bleeding disorders, and renal disease.
* For suture n=355; for staples n=363; 3 medical students are included with postgraduate year 1.





