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Caesarean sections in obese patients are associated with an increased risk of surgical wound complications, including

hematomas, seromas, abscesses, dehiscence, and surgical site infections. The aim of the present study is to perform a

meta-analysis and systematic review of the current literature focusing on the strategies available to decrease wound

complications in this population. 
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1. Introduction

Obesity is a chronic disease that leads to the development of metabolic disorders and cardiovascular complications and

currently poses a challenge for healthcare systems around the world . According to the World Health Organisation

(WHO), the problem of obesity is reaching epidemic proportions, in both developed as well as developing countries. In

2016, 15% of women over 18 years of age were either overweight or obese . This problem also affects 1/3 of women of

reproductive age , including 13% of pregnant women . The rising prevalence of weight gain during pregnancy is

associated with the occurrence of a greater number of complications during pregnancy, childbirth, or the postpartum

period . Research confirms that being overweight may also increase the rate of complications in both pregnant women

and newborn babies . Obese women develop arterial hypertension  and diabetes more often in pregnancy and

undergo caesarean sections significantly more often , which means that they are diagnosed with postoperative surgical

wound healing disorders more frequently .

Postoperative complications include: superficial infections, dehiscence, or the presence of a fluid reservoir (seroma and

hematoma) at the wound site. The above symptoms concern 3 to 15% of women after a caesarean section  and

often result in prolonged hospitalization, antibiotic therapy, thus leading to increased postpartum care costs. A superficial

infection is part of a surgical site infection (SSI) which, according to the Centers for Disease Control and Prevention

(CDC), is an infection that occurs within 30 days of the performed surgical procedure. The risk factors for the above

complications include young age at childbirth, smoking, obesity, arterial hypertension, diabetes, chorioamnionitis,

increased intrapartum blood loss, prolonged ruptured of membrane, emergency caesarean section and subsequent

surgical delivery, use of suboptimal antibiotic prophylaxis, improper preparation of the surgical field, extended duration of

the surgical procedure, and the employed caesarean section technique, including that of the incision and of the suturing of

the skin .

2. Synthesis of Results

2.1. Relationship between Preoperative Factors and Wound Complications

Hypertension, like diabetes, is a disease that often coexists with obesity. Seven randomized trials investigate the effect of

these diseases on wound healing , and take into account the premature rupture of the membranes,

concomitant infections of the membranes or smoking. An American retrospective study found that 1 in 3 women who are

morbidly obese will develop complications in the surgical wound, and smoking increases the risk of these complications

by more than double (RR 2.7 [95% CI 1.08–6.54] p = 0.03) . Another study confirmed that smoking and longitudinal

skin incisions significantly increase the risk of infections and wound dehiscence after a caesarean section . However,

Temming and colleagues, in a study involving 1082 patients with a BMI of >30 did not confirm that obesity, smoking,

diabetes, and chorioamnionitis had a significant impact on the risk of complications in the postoperative wound if the

surgery was performed according to evidence-based medicine, that is, prophylactic antibiotics administered up to 60 min

before the skin incision, the skin washed with an alcohol solution of chlorhexidine, the subcutaneous tissue sutured if its

thickness is greater than 2 cm, and the skin sutured with an intradermal stitch. In this case, the only significant risk factor

for wound disorders (27.5% vs. 16.1%, RR 1.71 [95% CI 1.12–247]) and the occurrence of SSIs (6.9% vs. 1.6%, RR 3.74
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[95% CI 1.18–11.92]) is the fact of an emergency caesarean section . Other authors showed no significant influence of

diabetes, hypertension, the premature outflow of amniotic fluid or inflammation of the membranes on the increased

incidence of postoperative wound complications in obese women .

2.2. Antibiotic Prophylaxis

The estimation of the optimal prophylactic dose of an antibiotic reaching a concentration higher than the minimum

inhibitory dose (minimum inhibitory concentration)—both in the blood and in the adipose tissue—reducing the risk of

postoperative wound infection, remains the subject of many studies . In a 2011 study,

Pevzner and colleagues questioned the effectiveness of a prophylactic dose of 2 g of cefazolin in women with varying

degrees of obesity . This was confirmed by Swank and colleagues, who showed that the minimal inhibitory

concentration (MIC) was not reached in adipose tissue in relation to Gram-negative bacteria at the time of skin incision in

20% of obese women (BMI 30–40 kg/m ) and 44% of morbidly obese women after the use of cefazolin in a dose of 2 g.

Increasing the dose to 3 g resulted in all the obese and 71% of the morbidly obese women reaching MIC ≥8 µg/mL . In

a randomized Australian cohort study involving 2231 women, increasing the dose of cefazolin to 3 g in women with a BMI

of ≥30 kg/m  resulted in a significant reduction in the occurrence of SSIs (OR 0.309, p < 0.001) . In a randomized,

double-blind study conducted among pregnant women in labor with a BMI of above 30, increasing the dose of cefazolin to

3 g did not significantly increase its concentration in adipose tissue and did not show significantly greater protection

against the Staphylococcus species compared to the group receiving a dose of 2 g (61% vs. 72%, p = 0.35) . In

another retrospective US cohort study involving 335 obese women, increasing the prophylactic dose also did not reduce

the incidence of SSIs . In a randomized, double-blind study, Young et al. showed that although the concentration of the

antibiotic in both blood serum and pregnant adipose tissue is dependent on the dose of the drug and the body weight, the

use of both 2 g and 3 g of cefazolin is the optimal protection in the ratio of Gram-positive and Gram-negative bacteria .

Similar conclusions were provided by the study conducted by Groff and colleagues, which showed that the intravenous

administration of 2 g of cefazolin fully protects against postoperative wound infections in both obese and normal-weight

women. Moreover, this dose in both groups protects the newborn against an infection with the Streptococcus group B
(GBS) and S. aureus . Another American study investigating the penetration of an antibiotic into adipose tissue showed

that the administration of 2 g of cefazolin 30–60 min before the skin incision reached concentrations above the minimum

inhibitory concentration in both overweight and obese women if the procedure lasts less than 90 min (the probability of

target attainment (PTA) in adipose tissue for 2 g of cefazoline was 92.4%, and 94.7% for 3 g of cefazoline). If the duration

of the surgery exceeds 2 h, the PTA for 2 g of cefazoline was 86.8%, suggesting the need for another dose of antibiotic

. Eley et al. also confirmed that another prophylactic dose in the case of routine, uncomplicated patients is not needed

. However, Guper et al. showed that both the total body weight (TBW) and the BMI had no effect on the concentration

of cefazolin in adipose tissue . On the other hand, Kram and colleagues, in a study involving 84 patients with obesity of

at least grade 1, found that its mean concentration in adipose tissue is still below the MIC of 8 mg/g (p < 0.03) regardless

of the antibiotic dose used .

2.3. Skin Incisions

An incision of the skin and related complications within the postoperative wound were the subject of six retrospective

randomized studies in which the incidence of complications following a transverse or vertical skin incision was analyzed.

Most authors take into account the risk of wound infection and its dehiscence, as well as the presence of fluid collections

(seroma and hematoma) resulting in rehospitalization. In a US cohort study of morbidly obese pregnant women, the risk of

postoperative wound complications following a vertical abdominal incision more than doubled (OR 2.2 (1.18–4.27)) .

Another study involving 242 women with a BMI of ≥30 kg/m  indicated that obesity significantly increases the risk of

complications within a postoperative wound, although the method of skin incision had no effect on the incidence of this

complication . Smid et al., in an analysis of 2411 pregnant women, showed that those with morbid obesity (BMI > 45

kg/m ) are at increased risk of endometritis (AOR 1.26; 95% CI 1.07–1.49) and wound infections (AOR 3.77; 95% CI

2.60–5.46) compared to women with normal body weight. Moreover, he showed that infections accompany vertical

incisions of the skin significantly more often (p = 0.02) than transverse incisions . Thornburg et al. assessed that

vertical incisions increase the risk of wound complications by more than seven-fold. There is an increased risk of infection

(OR 5.16; 95% CI 2.3–11.8) and wound dehiscence (OR 10.7; 95% CI 4.0–29.2) in obese women, regardless of the

degree of their obesity . In the study from US, the authors showed a significantly lower incidence of complications

within the wound (including infection, seroma, hematoma, and fascial dehiscence) in the case of vertical incisions of the

skin (OR 0.32; 95% CI 0.17–0.62) .
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The impact of the type of skin incision on the risk of wound complication in obese women was assessed based on six

studies with a total number of 928 women with vertical skin incision and 1522 obese women with transverse skin incision.

Pooling the data together, we observed that wound complications were present in 21% of obese women with vertical

incision but only in 12% of obese women with transverse incision. Studies were mildly moderately heterogeneous (I  46%

with p = 0.10) thus the FEM method was used to calculate the pooled OR. Wound complications were found to be

significantly more frequent in women with vertical skin incision than in women with transverse skin incision (21% vs. 12%).

The value of pooled OR equals to 2.48 (95%CI 1.85–3.32, p < 0.01) indicates that the odd of wound complication in

obese women after a caesarean section is almost 2.5-fold higher in the case of vertical skin incisions (Figure 2). No

publication bias was found for this analysis [Egger’s test (p = 0.633); Begg’s test (p = 0.348)] and sensitivity analysis

demonstrated that the results were stable and reliable.

Figure 2. Forest plots for: (a) wound complications in the group of post-caesarean obese women with vertical skin incision

and in women with transverse skin incision; (b) wound complications in the group of post-caesarean women with BMI ≥40

kg/m  and vertical skin incision compared to women with transverse skin incision. M.-H.—Mantel-Haenszel; CI—

confidence interval; I —heterogeneity; df—degrees of freedom.

In addition, we performed subgroup analysis based on four studies considering women with BMI ≥ 40 kg/m , including 868

women with vertical skin incision and 721 women with transverse skin incision in total. There was no heterogeneity

between the studies (I  0%). The analysis revealed that wound complications were again significantly more frequent in

women with extreme obesity and vertical skin incision than in extremely obese women with transverse skin incision (20%

vs. 14%, respectively). The results showed that the odd of wound complication in women with BMI ≥40 kg/m  after

caesarean section is almost 2.2-fold higher in the case of vertical skin incision than transverse skin incision (OR = 2.17

(95%CI 1.56–3.03, p < 0.01) (Figure 2). However, in this analysis publication bias was observed [Egger’s test (p = 0.008);

Begg’s test (p = 0.041)]. In turn, sensitivity analysis showed that the results of OR calculation were stable.

2.4. Skin and Subcutaneous Tissue Closure

Four randomized trials compared the effectiveness of stitching skin with staplers, single sutures, and intradermal sutures.

An Egyptian study conducted among 130 women diagnosed with obesity whose skin was closed with an intradermal

suture showed a significantly higher risk of SSIs and postoperative wound pain but a significantly better cosmetic effect

was achieved. The use of staplers in suturing the skin shortens the duration of the surgical procedure; although it is

associated with an increased risk of wound dehiscence in obese women. RR 5.2 (95% CI 1.8–14.7) . Similar results

were obtained in a randomized cohort study involving 1147 women, in which sewing the skin with the staplers more than

doubled the risk of postoperative wound dehiscence (RR 2.20; 95% CI 1.6–3.1) and contributed to its infection (wound

infection or cellulitis) (RR 2.46; 95% CI 1.4–4.4) compared to the group of women who received intradermal sutures .

However, a 2018 study of women with grade III obesity did not confirm the above results .

2.5. Subcutaneous Tissue Drainage

The prophylactic drainage of subcutaneous tissue aims to reduce the risk of formation of fluid reservoirs within a wound,

which could disrupt its continuity or lead to its infection. The studies conducted by Al-Inany et al.  and Ramsey et al. 

did not confirm the effectiveness of the prophylactic drainage of subcutaneous tissue. Alanis, in a retrospective cohort

study, concluded that prophylactic drainage of subcutaneous tissue should be abandoned in women with massive obesity

. An American randomized cohort study showed that the drainage procedure significantly increases the risk of wound

complications (OR 2.86; 95% CI 1.02–7.98), contributing to both its dehiscence and infection . A study by Bindal and

Munda based on obese women from India demonstrated that patients after a caesarean section with a drain had reduced

rates of wound seroma, postoperative pain, and shorter hospital stays . However, the authors did not observe any

2

2

2

2

2

2

[36]

[19]

[20]

[37] [38]

[16]

[18]

[39]



significant benefits of the drainage with regard to postoperative fever, superficial SSI, as well as wound breakdown . A

retrospective cohort study by Dias and colleagues  performed on severely obese women with a BMI of >40

kg/m  showed no correlation between the use of a drain and SSI. A Japanese study analyzing two groups of women with

a mean BMI of approx. 33 kg/m , the first of which had staples and the second had subcuticular sutures and drains 

found that the frequency of wound complications was significantly lower in women with a drain as compared to those with

staples. The authors used four-channel Blake drains, which are made from soft fluted silicone with a wide surface area for

drainage. This type of drain was demonstrated to be less painful in comparison to non-Blake drains . On the other

hand, Aziz Khalifa and colleagues reported a significant difference between obese women with a seroma drain after a

caesarean section and women with no seroma drain (9.6% vs. 26.7%, respectively) and postoperative pain requiring

analgesics . Most of the available data regarding the usage of drains in post-caesarean women were obtained from

studies performed on a low number of patients, which may have influenced the results. Thus, performing a meta-analysis

may overcome the effect of a small analyzed population. To the best of our knowledge, no meta-analysis on the

correlation between drainage use and wound complications in obese women after caesarean sections have been

performed. The meta-analyses of Gates published in 2005 and 2013  included studies analyzing women with both a

normal BMI and overweight or obese women.

In the present study, we performed a meta-analysis concerning the comparisons of surgical complications after caesarean

sections in obese women in terms of wound complications (including data on wound separation), infections (including data

on SSI), as well as fevers.

In general, nine studies with a total number of 674 obese post caesarean women with a drain and 1718 obese women

with no drain were included in the meta-analysis . The impact of drainage on the risk of wound

complications in obese women was conducted based on eight studies with a total number of 658 women with a drain and

1,283 obese women with no drain. Studies were highly heterogeneous (I  84%). The percentage of wound complications

was slightly higher in obese women with a drain (21%) compared to obese women without a drain (19%). Since significant

heterogeneity between studies was calculated, the REM method was used to calculate the pooled OR. The difference was

not significant (OR 1.32; 95% CI 0.64–2.70, p = 0.45), which indicates that the use of drains does not increase the risk of

wound complications in obese women after a caesarean section (Figure 3).

Figure 3. Forest plot for wound complications in the group of post-caesarean obese women with a drain and in the group

of obese women without a drain. M.-H.—Mantel-Haenszel; CI—confidence interval; I —heterogeneity; df—degrees of

freedom.

The results were stable after subsequent omitting each of the studies that was included. No publication bias was found for

this analysis [Egger’s test (p = 0.577); Begg’s test (p = 0.458)].

The relation between drainage and infections (including SSI) after a caesarean section in obese women was based on

five studies with a total number of 258 women with a drain and 1202 obese women with no drain. The percentage of

wound complications was slightly lower in obese women with a drain (8%) as compared to obese women without a drain

(13%). The heterogeneity between studies were at low level (I  27%) with no significance, therefore FEM method was

used to calculate the pooled OR. The difference was not significant (OR 0.93; 95% CI 0.53–1.63, p = 0.80), which

indicates no impact of drain usage on infections after a caesarean section in obese women (Figure 4). The results were

stable during the sensitivity analysis; thus, the analysis is reliable. Again, no publication bias was observed [Egger’s test

(p = 0.056); Begg’s test (p = 0.142)].
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Figure 4. Forest plot for infections in the group of post-caesarean obese women with a drain and in the group of obese

women without a drain. M.-H.—Mantel-Haenszel; CI—confidence interval; I —heterogeneity; df—degrees of freedom.

In the case of the analysis of the impact of drainage on a fever after a caesarean section in obese women, three studies

were included with a total number of 211 women with a drain and 176 obese women with no drain. The proportion of

fevers was slightly lower in obese women with a drain (16%) as compared to obese women without a drain (20%). In this

analysis, no heterogeneity between the studies was demonstrated (I  0%) and the FEM method was once again used to

calculate the pooled OR. The difference was close to the border of significance (OR 0.62; 95% CI 0.36–1.07, p = 0.09)

indicating that drain usage after a caesarean section may have some beneficial effect in the presence of a fever in obese

women (Figure 5). The sensitivity analysis revealed that the results were stable and reliable and no publication bias was

revealed [Egger’s test (p = 0.342); Begg’s test (p = 0.601)].

Figure 5. Forest plot for fever in the group of post-caesarean obese women with a drain and in the group of obese women

without a drain. M.-H.—Mantel-Haenszel; CI—confidence interval; I —heterogeneity; df—degrees of freedom.

3.3.6. Negative Pressure Wound Therapy Dressings (VAC Dressings)

Seven randomized trials concerning the effectiveness of vacuum dressings in the prevention of SSIs were carried out.

Most of the studies indicated the ineffectiveness of the prophylactic use of the above therapy. The study conducted in

women with a BMI of ≥30 kg/m  did not show the negative pressure wound therapy (NPWT) dressing to significantly

reduce the incidence of complications in the postoperative wound compared to standard wound care (4.9 vs. 6.9%; p =

0.71) . Similar results were provided by the Hussama study that included 441 women with morbid obesity (BMI >40

kg/m ), where a closed vacuum dressing was used as compared to standard wound care, and also did not significantly

reduce the incidence of complications in the skin (RR 0.9 [95% CI 0.5–1.4]) . However, a Danish study from 2019 that

encompassed 876 women with class I obesity or greater showed that SSIs were found in 4.6% in the NPWT dressing

group, while in the control group there were 9.2% SSIs (RR 0.50; 95% CI 0.30–0.84); the number needed to treat 22; p =

0.007). The authors found that vacuum dressings used prophylactically in obese women significantly reduced the

incidence of SSIs .

Meta-analysis of the data regarding the frequency of SSI in obese women with NPWT in comparison to women with

standard therapy was based on six studies with 1835 cases with NPWT therapy and 1842 patients with standard therapy.

One of the studies was excluded because of incomplete data (absence of patient with standard therapy) . This revealed

that the prevalence of SSI was lower among obese women with NPWT than in women receiving standard wound therapy

(8% vs. 10.5%, respectively). A significant reduction in the SSI odds ratio was observed in obese women with negative

pressure wound therapy compared to obese women with standard therapy (OR = 0.76 95% CI 0.60–0.95, p = 0.02)

(Figure 6). Very low level of heterogeneity between the studies was observed (I  = 7%).

Figure 6. Forest plot for surgical site infection in the group of post-caesarean obese women with NPWT and in obese

women with standard therapy. NPWT—negative pressure wound therapy; M.-H.—Mantel-Haenszel; CI—confidence

interval; I —heterogeneity; df—degrees of freedom.

The results were stable after omitting one study at a time, i.e., the study by Hussamy et al.  first, then a study by

Ruhstaller et al. , then a study by Wihbey et al. , and then a study by Tuuli et al. . When the study by Hylding et al.

 was omitted, the results changed and were not significant (OR = 0.84 95% CI 0.65–1.08, p = 0.17). Similarly, omitting

the data by Looby et al.  gave insignificant results (OR = 0.79 95% CI 0.62–1.01, p = 0.06). Therefore the result of the

meta-analysis should be treated with caution. The results of Egger’s and Begg’s tests showed no publication bias [Egger’s

test (p = 0.456); Begg’s test (p = 0.348)].
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3. Discussion

The use of a prophylactic dose of antibiotic in women undergoing a caesarean section reduces the risk of postoperative

wound infections (RR 0.40; 95% CI 0.35–0.46, 82) and inflammation of the endometrial mucosa (endometritis) (RR 0.38;

95% CI 0.34–0.42, 83), as well as other complications resulting from infections (RR 0.31; 95% CI 0.20–0.49) . The time

of administration of a prophylactic dose of antibiotics also affects the frequency of infection. The studies show that the

administration of an antibiotic before a surgical procedure reduces the percentage of endometritis by 41% compared to

the intraoperative administration of an antibiotic (RR 0.59; 95% CI [95% CI] 0.37–0.94; I  0%), although such treatment

does not reduce the incidence of postoperative wound infections (RR 0.71; 95% CI 0.44–1.14; I  0%) . In clinical

practice, the 1st-generation cephalosporin, Cefazolin, at a dose of 2 g, which has a spectrum of activity including Gram-

positive bacteria and Escherichia coli, is used in the prophylaxis of perioperative caesarean sections. As evidenced by

studies conducted among obese women who were not pregnant, cefazolin shows different pharmacokinetics in obese

people, which means that its concentration is lower in adipose tissue. This phenomenon suggests that the prophylactic

dose needs to be increased in such a group of obese patients . The studies that we analyzed did not confirm the

effectiveness of a higher dose of antibiotic in perioperative prophylaxis.

The suturing of subcutaneous tissue aims to reduce the risk of formation of fluid reservoirs. A meta-analysis of six studies

showed that suturing reduces the risk of wound complications by 34%  in subcutaneous tissue that is thicker than 2 cm.

A randomized study of 1082 women undergoing a caesarean section treated with antibiotic prophylaxis for more than 60

min from the skin incision, with the skin washed with an alcoholic chlorhexidine solution, and sutured subcutaneous tissue

if its thickness was greater than 2 cm, as well as skin closed with sutures instead of staplers, showed a significant

reduction in the risk of complications in the postoperative wound, regardless of the method of incision of the skin, the

coexistence of obesity and diabetes, chorioamnionitis or the operator’s experience . However, the studies analyzed by

us and the meta-analysis on the method of incision of the skin demonstrated that a Pfannenstiel caesarean section

reduces the risk of postoperative wound infections .

The prophylactic use of vacuum dressings in obese women is aimed at reducing the incidence of SSIs. As shown by a

meta-analysis of seven studies, the prophylactic use of NPWT reduces the risk of SSIs (pooled RR 0.45; 95% CI 0.31,

0.66). Complex wound complications were significantly reduced in patients receiving prophylactic negative pressure

wound therapy compared to standard dressings (9 studies: pooled RR 0.68; 95% CI 0.49, 0.94) . Another meta-

analysis conducted on 10 studies from 1966 to 2017 did not confirm that NPWT decreased wound complication (RR 0.97,

95 % CI 0.63–1.49) . Moreover the most recent American study based on 1624 people also did not significantly confirm

NPWT in reducing SSIs.  The analysis carried out by us, supplemented with the current 6 researches, showed, that

NPWT reduces the risk of SSIs, nevertheless, the results should be treated with caution because the sensitivity analysis

was not stable and no significance was observed after omitting the studies by Hylding et al.  and Looby et al.  no

significance was observed.

The prophylactic use of subcutaneous drains to reduce SSIs remains controversial. The meta-analysis concerning the use

of subcutaneous tissue drainage after surgical procedures did not show a reduction in incidence of complications in the

postoperative wounds; hence, it is unjustified in everyday surgical practice , as well as in caesarean sections and other

surgical procedures performed in obese patients , which was confirmed in our meta-analysis.

The strength of our study is the meta-analysis of the research on the prophylactic use of a subcutaneous drain during a

caesarean section procedure in obese women. It should be noted that no such analysis has been carried out to date. In

addition, current research on the NPWT confirms that SSIs are significantly infrequent in obese women with NPWT,

however, further analysis should provide more studies to confirm stable and reliable results.

The relatively small number of studies and significant variability in outcome reporting are important limitations of our study.

All analyzed studies by us were in English language, which also might be a limitation of the study. Moreover, a

considerable amount of research concerning the issue of caesarean sections includes retrospective studies that do not

comprise clinical indications for a surgical procedure and do not refer to data regarding the duration of amniotic fluid

leakage, the presence of uterine contractions, and a history of diabetes. Furthermore, the authors of some studies did not

differentiate between caesarean sections in schedule and emergency ones . The heterogeneity of the studies

included in the review also constitutes a limitation of the study.

References

1. Sepúlveda, J.; Murray, C. The State of Global Health in 2014. Science 2014, 345, 1275–1278.

[53]

2

2 [54]

[55]

[56]

[11]

[57]

[58]

[59]

[50]

[51] [52]

[60]

[61]

[10][17][20][62]



2. World Health Organization. Obesity and Overweight. Available online: https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight (accessed on 7 June 2019).

3. Ogden, C.L.; Carroll, M.D.; Curtin, L.R.; McDowell, M.A.; Tabak, C.J.; Flegal, K.M. Prevalence of Overweight and
Obesity in the United States, 1999–2004. JAMA 2006, 295, 1549–1555.

4. Shaikh, H.; Robinson, S.; Teoh, T.G. Management of Maternal Obesity Prior to and During Pregnancy. Semin. Fetal.
Neonatal. Med. 2010, 15, 77–82.

5. Feig, D.S.; Hwee, J.; Shah, B.R.; Booth, G.L.; Bierman, A.S.; Lipscombe, L.L. Trends in Incidence of Diabetes in
Pregnancy and Serious Perinatal Outcomes: A Large, Population-Based Study in Ontario, Canada, 1996–2010.
Diabetes Care. 2014, 37, 1590–1596.

6. Crane, J.M.G.; White, J.; Murphy, P.; Burrage, L.; Hutchens, D. The Effect of Gestational Weight Gain by Body Mass
Index on Maternal and Neonatal Outcomes. J. Obstet. Gynaecol. Can. 2009, 31, 28–35.

7. Quiner, T.; Perlow, J.H. The Global Burden of Obesity on Pregnancy Outcomes in the Developed World [17Q]. Obstet.
Gynecol. 2017, 1, 177S.

8. Vaswani, P.R.; Balachandran, L. Pregnancy Outcomes in a Population with High Prevalence of Obesity: How bad is it?
Clin. Epidemiol. Glob. Health 2013, 1, 5–11.

9. Marchi, J.; Berg, M.; Dencker, A.; Olander, E.K.; Begley, C. Risks Associated with Obesity in Pregnancy, for the Mother
and Baby: A Systematic Review of Reviews. Obes. Rev. 2015, 16, 621–638.

10. Conner, S.N.; Verticchio, J.C.; Tuuli, M.G.; Odibo, A.O.; Macones, G.A.; Cahill, A.G. Maternal Obesity and Risk of
Postcesarean Wound Complications. Am. J. Perinatol. 2014, 31, 299–304.

11. Temming, L.A.; Raghuraman, N.; Carter, E.B.; Stout, M.J.; Rampersad, R.M.; Macones, G.A.; Cahill, A.G.; Tuuli, M.G.
Impact of Evidence-Based Interventions on Wound Complications after Cesarean Delivery. Am. J. Obstet. Gynecol.
2017, 217, 449.e1–449.e9.

12. Salim, R.; Braverman, M.; Teitler, N.; Berkovic, I.; Suliman, A.; Shalev, E. Risk Factors for Infection Following Cesarean
Delivery: An Interventional Study. J. Matern. Fetal Neonatal. Med. 2012, 25, 2708–2712.

13. Conroy, K.; Koenig, A.F.; Yu, Y.H.; Courtney, A.; Lee, H.J.; Norwitz, E.R. Infectious Morbidity after Cesarean Delivery:
10 Strategies to Reduce Risk. Rev. Obstet. Gynecol. 2012, 5, 69–77.

14. Mackeen, A.D.; Schuster, M.; Berghella, V. Suture versus Staples for Skin Closure after Cesarean: A Metaanalysis. Am.
J. Obstet. Gynecol. 2015, 212, 621.e1–621.e10.

15. Kawakita, T.; Landy, H.J. Surgical Site Infections after Cesarean Delivery: Epidemiology, Prevention and Treatment.
Matern. Health Neonatol. Perinatol. 2017, 3, 12.

16. Alanis, M.C.; Villers, M.S.; Law, T.L.; Steadman, E.M.; Robinson, C.J. Complications of Cesarean Delivery in the
Massively Obese Parturient. Am. J. Obstet. Gynecol. 2010, 203, 271.e1–271.e7.

17. McLean, M.; Hines, R.; Polinkovsky, M.; Stuebe, A.; Thorp, J.; Strauss, R. Type of Skin Incision and Wound
Complications in the Obese Parturient. Am. J. Perinatol. 2012, 29, 301–306.

18. Thornburg, L.L.; Linder, M.A.; Durie, D.E.; Walker, B.; Pressman, E.; Glantz, J.C. Risk Factors for Wound
Complications in Morbidly Obese Women Undergoing Primary Cesarean Delivery. J. Matern. Fetal. Neonatal. Med.
2012, 25, 1544–1548.

19. Subramaniam, A.; Jauk, V.C.; Figueroa, D.; Biggio, J.R.; Owen, J.; Tita, A.T. Risk Factors for Wound Disruption
Following Cesarean Delivery. J. Matern. Fetal. Neonatal Med. 2014, 27, 1237–1240.

20. Zaki, M.N.; Truong, M.; Pyra, M.; Kominiarek, M.A.; Irwin, T. Wound Complications in Obese Women after Cesarean: A
Comparison of Staples versus Subcuticular Suture. J. Perinatol. 2016, 36, 819–822.

21. Zaki, M.N.; Wing, D.A.; McNulty, J.A. Comparison of Staples vs Subcuticular Suture in Class III Obese Women
Undergoing Cesarean: A Randomized Controlled Trial. Am. J. Obstet. Gynecol. 2018, 218, 451.e1–451.e8.

22. Pevzner, L.; Swank, M.; Krepel, C.; Wing, D.A.; Chan, K.; Edmiston, C.E., Jr. Effects of Maternal Obesity on Tissue
Concentrations of Prophylactic Cefazolin During Cesarean Delivery. Obstet. Gynecol. 2011, 117, 877–882.

23. Stitely, M.; Sweet, M.; Slain, D.; Alons, L.; Holls, W.; Hochberg, C.; Briggs, F. Plasma and Tissue Cefazolin
Concentrations in Obese Patients Undergoing Cesarean Delivery and Receiving Differing Pre-operative Doses of Drug.
Surg. Infect. 2013, 14, 455–459.

24. Ahmadzia, H.K.; Patel, E.M.; Joshi, D.; Liao, C.; Witter, F.; Heine, R.P.; Coleman, J.S. Obstetric Surgical Site Infections:
2 grams Compared with 3 grams of Cefazolin in Morbidly Obese Women. Obstet. Gynecol. 2015, 126, 708–715.



25. Young, O.M.; Shaik, I.H.; Twedt, R.; Binstock, A.; Althouse, A.D.; Venkataramanan, R.; Simhan, H.N.; Wiesenfeld, H.C.;
Caritis, S.N. Pharmacokinetics of Cefazolin Prophylaxis in Obese Gravidae at Time of Cesarean Delivery. Am. J.
Obstet. Gynecol. 2015, 213, 541.e1–541.e7.

26. Swank, M.L.; Wing, D.A.; Nicolau, D.P.; McNulty, J.A. Increased 3-gram Cefazolin Dosing for Cesarean Delivery
Prophylaxis in Obese Women. Am. J. Obstet. Gynecol. 2015, 213, 415.e1–415.e8.

27. Maggio, L.; Nicolau, D.P.; DaCosta, M.; Rouse, D.J.; Hughes, B.L. Cefazolin Prophylaxis in Obese Women Undergoing
Cesarean Delivery: A Randomized Controlled Trial. Obstet. Gynecol. 2015, 125, 1205–1210.

28. Lillico, R.; Sayre, C.L.; Sitar, D.S.; Davies, N.M.; Baron, C.M.; Lakowski, T.M. Quantification of Cefazolin in Serum and
Adipose Tissue by Ultra High Performance Liquid Chromatography-Tandem Mass Spectrometry (UHPLC-MS/MS):
Application to a Pilot Study of Obese Women Undergoing Cesarean Delivery. J. Chromatogr. B. Analyt. Technol.
Biomed. Life Sci. 2016, 1031, 94–98.

29. Groff, S.M.; Fallatah, W.; Yang, S.; Murphy, J.; Crutchfield, C.; Marzinke, M.; Kurtzberg, J.; Lee, C.K.K.; Burd, I.; Farzin,
A. Effect of Maternal Obesity on Maternal-Fetal Transfer of Preoperative Cefazolin at Cesarean Section. J. Pediatr.
Pharmacol. Ther. 2017, 22, 227–232.

30. Grupper, M.; Kuti, J.L.; Swank, M.L.; Maggio, L.; Hughes, B.L.; Nicolau, D.P. Population Pharmacokinetics of Cefazolin
in Serum and Adipose Tissue from Overweight and Obese Women Undergoing Cesarean Delivery. J. Clin. Pharmacol.
2017, 7, 712–719.

31. Kram, J.J.F.; Greer, D.M.; Cabrera, O.; Burlage, R.; Forgie, M.M.; Siddiqui, D.S. Does Current Cefazolin Dosing
Achieve Adequate Tissue and Blood Concentrations in Obese Women Undergoing Cesarean Section? Eur. J. Obstet.
Gynecol. Reprod. Biol. 2017, 210, 334–341.

32. Eley, V.A.; Christensen, R.; Ryan, R.; Jackson, D.; Parker, S.L.; Smith, M.; van Zundert, A.A.; Wallis, S.C.; Lipman, J.;
Roberts, J.A. Prophylactic Cefazolin Dosing in Women with Body Mass Index >35 kg·m2 Undergoing Cesarean
Delivery: A Pharmacokinetic Study of Plasma and Interstitial Fluid. Anesth. Analg. 2020, 131, 199–207.

33. Scheck, S.M.; Blackmore, T.; Maharaj, D.; Langdana, F.; Elder, R.E. Caesarean Section Wound Infection Surveillance:
Information for Action. Aust. N. Z. J. Obstet. Gynaecol. 2018, 58, 518–524.

34. Smid, M.C.; Kearney, M.S.; Stamilio, D.M. Extreme Obesity and Postcesarean Wound Complications in the Maternal-
Fetal Medicine Unit Cesarean Registry. Am. J. Perinatol. 2015, 32, 1336–1341.

35. Marrs, C.; Blackwell, S.; Hester, A.; Olson, G.; Saade, G.R.; Faro, J.; Pedroza, C.; Sibai, B. Pfannenstiel versus Vertical
Skin Incision for Cesarean Delivery in Women with Class III Obesity: A Randomized Trial. Am. J. Perinatol. 2019, 36,
97–104.

36. Ibrahim, M.I.; Moustafa, G.F.; Al-Hamid, A.S.; Hussein, M.R. Superficial Incisional Surgical Site Infection Rate after
Cesarean Section in Obese Women: A Randomized Controlled Trial of Subcuticular Versus Interrupted Skin Suturing.
Arch. Gynecol. Obstet. 2014, 289, 981–986.

37. Al-Inany, H.; Youssef, G.; Abd ElMaguid, A.; Hamid, M.A.; Naguib, A. Value of Subcutaneous Drainage System in
Obese Females Undergoing Cesarean Section Using Pfannenstiel Incision. Gynecol. Obstet. Investig. 2002, 53, 75–
78.

38. Ramsey, P.S.; White, A.M.; Guinn, D.A.; Lu, G.C.; Ramin, S.M.; Davies, J.K.; Neely, C.L.; Newby, C.; Fonseca, L.;
Case, A.S.; et al. Subcutaneous Tissue Reapproximation, Alone or in Combination with Drain, in Obese Women
Undergoing Cesarean Delivery. Obstet. Gynecol. 2005, 105, 967–973.

39. Bindal, J.A.; Munda, G. Clinical Study to Compare Drain versus No Drain in Post Cesarean Section. Int. J. Reprod.
Contracept. Obstet. Gynecol. 2017, 6, 3903–3906.

40. Dias, M.; Dick, A.; Reynolds, R.M.; Lahti-Pulkkinen, M.; Denison, F.C. Predictors of Surgical Site Skin Infection and
Clinical Outcome at Caesarean Section in the Very Severely Obese: A Retrospective Cohort Study. PLoS ONE 2019,
14, e0216157.

41. Inotsume-Kojima, Y.; Uchida, T.; Abe, M.; Doi, T.; Kanayama, N. A Combination of Subcuticular Sutures and a Drain for
Skin Closure Reduces Wound Complications in Obese Women Undergoing Surgery Using Vertical Incisions. J. Hosp.
Infect. 2011, 77, 162–165.

42. Rayatt, S.S.; Dancey, A.L.; Jaffe, W. Soft Fluted Silicone Drains: A Prospective, Randomized, Patient-Controlled Study.
Plast. Reconstr. Surg. 2005, 115, 1605–1608.

43. Khalifa, A.A.A.; Abdelrazak, K.M.; Abdelazim, I.A. Routine Subcutaneous Drain versus No Drain in Cesarean Section
for Diabetic Obese Women: A Randomized Controlled Trial. Int. J. Curr. Microbiol. App. Sci. 2015, 4, 479–485.

44. Hellums, E.K.; Lin, M.G.; Ramsey, P.S. Prophylactic Subcutaneous Drainage for Prevention of Wound Complications
after Cesarean Delivery-A Metaanalysis. Am. J. Obstet. Gynecol. 2007, 197, 229–235.



45. Magann, E.F.; Chauhan, S.P.; Rodts-Palenik, S.; Bufkin, L.; Martin, J.N., Jr.; Morrison, J.C. Subcutaneous Stitch
Closure versus Subcutaneous Drain to Prevent Wound Disruption after Cesarean Delivery: A Randomized Clinical
Trial. Am. J. Obstet. Gynecol. 2002, 186, 1119–1123.

46. Ruhstaller, K.; Downes, K.L.; Chandrasekaran, S.; Srinivas, S.; Durnwald, C. Prophylactic Wound Vacuum Therapy
after Cesarean Section to Prevent Wound Complications in the Obese Population: A Randomized Controlled Trial (the
ProVac Study). Am. J. Perinat. 2017, 34, 1125–1130.

47. Hussamy, D.J.; Wortman, A.C.; McIntire, D.D.; Leveno, K.J.; Casey, B.M.; Roberts, S.W. Closed Incision Negative
Pressure Therapy in Morbidly Obese Women Undergoing Cesarean Delivery: A Randomized Controlled Trial. Obstet.
Gynecol. 2019, 134, 781–789.

48. Searle, R.J.; Myers, D. A Survey of Caesarean Section Surgical Site Infections with PICO™ Single Use Negative
Pressure Wound Therapy System in High-Risk Patients in England and Ireland. J. Hosp. Infect. 2017, 97, 122–124.

49. Wihbey, K.A.; Joyce, E.M.; Spalding, Z.T.; Jones, H.J.; MacKenzie, T.A.; Evans, R.H.; Fung, J.L.; Goldman, M.B.;
Erekson, E. Prophylactic Negative Pressure Wound Therapy and Wound Complication After Cesarean Delivery in
Women With Class II or III Obesity: A Randomized Controlled Trial. Obstet. Gynecol. 2018, 132, 377–384.

50. Tuuli, M.G.; Liu, J.; Tita, A.T.N.; Longo, S.; Trudell, A.; Carter, E.B.; Shanks, A.; Woolfolk, C.; Caughey, A.B.; Warren,
D.K.; et al. Effect of Prophylactic Negative Pressure Wound Therapy vs Standard Wound Dressing on Surgical-Site
Infection in Obese Women After Cesarean Delivery: A Randomized Clinical Trial. JAMA 2020.

51. Hyldig, N.; Vinter, C.A.; Kruse, M.; Mogensen, O.; Bille, C.; Sorensen, J.A.; Lamont, R.F.; Wu, C.; Heidemann, L.N.;
Ibsen, M.H.; et al. Prophylactic Incisional Negative Pressure Wound Therapy Reduces the Risk of Surgical Site
Infection after Caesarean Section in Obese Women: A Pragmatic Randomised Clinical Trial. Int. J. Obstet. Gynaecol.
2019, 126, 628–635.

52. Looby, M.A.; Vogel, R.I.; Bangdiwala, A.; Hyer, B.; Das, K. Prophylactic Negative Pressure Wound Therapy in Obese
Patients Following Cesarean Delivery. Surg. Innov. 2018, 25, 43–49.

53. Smaill, F.M.; Grivell, R.M. Antibiotic Prophylaxis versus No Prophylaxis for Preventing Infection after Cesarean Section.
Cochrane Database Syst. Rev. 2014, 28, CD007482.

54. Baaqeel, H.; Baaqeel, R. Timing of Administration of Prophylactic Antibiotics for Caesarean Section: A Systematic
Review and Meta-analysis. BJOG 2013, 120, 661–669.

55. Toma, O.; Suntrup, P.; Stefanescu, A.; London, A.; Mutch, M.; Kharasch, E. Pharmacokinetics and Tissue Penetration
of Cefoxitin in Obesity: Implications for Risk of Surgical Site Infection. Anesth. Analg. 2011, 113, 730e7.

56. Chelmow, D.; Rodriguez, E.J.; Sabatini, M.M. Suture Closure of Subcutaneous Fat and Wound Disruption after
Cesarean Delivery: A Meta-analysis. Obstet. Gynecol. 2004, 103, 974e80.

57. Mccurdy, R.J.; Felder, L.A.; Saccone, G.; Edwards, R.K.; Thornburg, L.L.; Marrs, C.; Conner, S.N.; Strauss, R.;
Berghella, V. The Association of Skin Incision Placement During Cesarean Delivery with Wound Complications in
Obese Women: A Systematic Review and Meta-analysis. J. Matern. Fetal. Neonatal. Med. 2020, 7, 1–13.

58. Yu, L.; Kronen, R.J.; Simon, L.E.; Stoll, C.R.T.; Colditz, G.A.; Tuuli, M.G. Prophylactic Negative-Pressure Wound
Therapy after Cesarean is Associated with Reduced Risk of Surgical Site Infection: A Systematic Review and Meta-
analysis. Am. J. Obstet. Gynecol. 2018, 218, 200–210.

59. Smid, M.C.; Dotters-Katz, S.K.; Grace, M.; Wright, S.T.; Villers, M.S.; Hardy-Fairbanks, A.; Stamilio, D.M. Prophylactic
Negative Pressure Wound Therapy for Obese Women After Cesarean Delivery: A Systematic Review and Meta-
analysis. Obstet. Gynecol. 2017, 130, 969–978.

60. Coletta, D.; Del Basso, C.; Giuliani, G.; Guerra, F. Subcutaneous Suction Drains Do Not Prevent Surgical Site
Infections in Clean-Contaminated Abdominal Surgery-Results of a Systematic Review and Meta-analysis. Langenbecks
Arch. Surg. 2019, 404, 663–668.

61. Kosins, A.M.; Scholz, T.; Cetinkaya, M.; Evans, G.R. Evidence-Based Value of Subcutaneous Surgical Wound
Drainage: The Largest Systematic Review and Meta-analysis. Plast. Reconstr. Surg. 2013, 132, 443–450.

62. Alalfy, M.; Elgazzar, A.; Fares, T.; Nagy, O.; Ellithy, A.; Lasheen, Y.; Kamel, A.; Soliman, M.; Hassan, A.; Samy, A.; et al.
Effect of Subcutaneous Tissue Closure Technique in Cesarean Section on Postoperative Wound Complications in
Obese Egyptian Women. J. Matern. Fetal. Neonatal. Med. 2019, 32, 2452–2459.

Retrieved from https://encyclopedia.pub/entry/history/show/18184


