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Abstract

OBJECTIVE: Our purpose was to evaluate obesity (body mass index greater than 30.0) as an independent risk factor for infectious morbidity in women having elective or non‐elective cesarean deliveries.

Cited Here...: Charts of 611 patients undergoing cesarean were reviewed. After exclusion of those with pre‐existing chorioamnionitis, 574 cases were separated into two groups (elective or nonelective cesarean) and then subdivided based on the presence or not of postdelivery infectious morbidity. Estimated blood loss, operative time, number of vaginal examinations, labor length, use of internal monitors, body mass index (BMI), and obesity (BMI greater than 30.0) were then recorded. Student t test, χ2, multivariate analysis, and receiver operating characteristics curves were used where appropriate (significance: P < .05).

Cited Here...: The mean gestational age at delivery was 38.3 weeks. Three hundred sixty patients had nonelective cesareans, and 214 had elective cesareans. Prophylactic antibiotics were used for 86.6% of the nonelective group and 75.2% of the elective group. In the nonelective group and after multivariate analysis, significant risk factors for postoperative infections were as follows: labor length (18.4 hours versus 10.9, P < .003), number of vaginal examinations (6.1 versus 4.5, P < .001), BMI (36.6 versus 32.3, P < .001), and obesity (81.8% versus 57.3%, P < .001). For the elective group, a higher BMI (38.9 versus 32.2, P < .003), and black race (63.2% versus 11.5%, P < .001) were found to be significant.

CONCLUSION: Our data suggest that obesity is a independent risk factor for postcesarean infectious morbidity and endomyometritis, even if the cesarean is elective and prophylactic antibiotics are given.

Postoperative infectious morbidity often prolongs hospitalization and increases expenses, owing to the need for additional diagnostic studies and treatment. Postoperative infectious morbidity in women undergoing cesarean delivery can be reduced by allowing for spontaneous separation of the placenta,1,2 not closing the visceral peritoneum,3 as well as by the use of a closed suction drain in the morbidly obese women.4 There is no true consensus as to whom to administer antibiotics5; however, prophylactic antibiotics reduce the incidence of infectious morbidity after nonelective cesarean deliveries and may also be beneficial to patients undergoing elective cesarean.6–9

A variety of risk factors for infectious morbidity with nonelective cesarean delivery include the following: pre‐existing infections, such as gonorrhea, chlamydia, and bacterial vaginosis; length of labor; length of membrane rupture; number of vaginal examinations10; presence of meconium11,12; primary indication for surgery; type of anesthesia; total operative time; operator experience; and procedure‐related blood loss.10 The effect of internal fetal monitoring is controversial.10,13 Maternal obesity (250–300 lbs) or increased body mass index (BMI; kg/ m2) are also risk factors for postcesarean infectious morbidity (nonelective cases)14–16; however, it was not clear in our literature review (MEDLINE, 1966–April 2002) if prophylactic antibiotics could neutralize the risk of infectious morbidity in obese women undergoing elective cesarean. Descriptions of risk factors for infectious morbidity in patients undergoing an elective cesarean are limited, based on our MEDLINE review.

In this study we sought to determine whether obesity was an independent risk factor for infection in women having both elective and nonelective caesareans. We also sought to evaluate for additional risk factors for both of these cesarean categories.
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MATERIALS AND METHODS

This retrospective, institutional review board–approved study was conducted at Northwest Texas Hospital in Amarillo. The hospital charts and outpatient records for all patients (n = 611) who underwent cesarean between January 1, 2000 and August 2001 were reviewed for evidence of infectious morbidity related to surgery. Thirty‐seven patients with documented pre‐existing chorioamnionitis were excluded from further analysis. Basic demographic information, including age, race, gravidity, parity, gestational age at delivery, BMI, tobacco or illicit drug use, insurance type, and the presence or absence of diabetes (including 50‐g glucola results) was collected from the remaining 574 charts. Evidence of postoperative infectious morbidity requiring antimicrobial therapy or interventional therapy (wound debridement) and occurring 24 hours or more after surgery was then documented. Febrile morbidity was defined as two (or more) temperature readings of 38C or more obtained 4 or more hours apart. Evidence for morbidity included wound infection, endomyometritis, urinary tract infection, pneumonia, septic pelvic thrombophlebitis, fever of unknown origin, and readmission for postoperative infection. Discharge records, diagnostic studies, and clinical evaluations were used as evidence for each of the entities, where appropriate. Risk factors for infections investigated included the previously mentioned variables, as well as the indication(s) for surgery, number of digital examinations, length of labor, length of membrane rupture, duration of surgery, type of anesthesia, bladder catheterization, presence of meconium, use of antibiotic prophylaxis, type of skin and uterine incision, use of internal fetal or uterine pressure monitors, estimated blood loss at surgery and postpartum hemorrhage (defined as estimated blood loss greater than 1000 mL), and professional level of primary surgeon. Very few patients had subcutaneous drains, so this could not be evaluated. Newborn records were evaluated for Apgar scores, birth weight, umbilical artery cord pH, neonatal intensive care unit (NICU) admissions, and neonatal sepsis. Maternal obesity was defined as a BMI greater than 30.0. Prophylactic antibiotics were given at the discretion of the attending physicians; the timing of antibiotic administration was also at their discretion. The exact time of antibiotic administration was not uniformly documented. Patients with known group B streptococci or group B streptococci risk factors were given antibiotics prior to delivery.

Cesarean patients were separated into two categories: elective (n = 214) (patients who had reassuring fetal heart tones and did not have active labor or rupture of membranes prior to surgery) and nonelective (n = 360) (everyone else). Comparisons between the various risk factors collected and the occurrence of some type of infectious morbidity were made. Statistical comparisons were made using Student t test, χ2 test of association, and multivariate analysis where appropriate. Significance was set at P < .05. SPSS 9.0 (SPSS Inc., Chicago, IL) was used for all statistical comparisons. Relative risks with 95% confidence intervals were determined where appropriate. Receiver operating characteristic curves were investigated as well for the significant factors (after multivariate analysis). Cut points that allowed us to obtain the most optimal sensitivities and specificities for each were determined. Confidence intervals were then calculated.
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RESULTS

Table 1 contains the demographic data for both groups. The mean gestational age at delivery was 38.3 weeks. Patients who were in the elective cesarean group had the greater number of previous cesarean deliveries and were also more likely to be white. Table 2 contains the various risk factors for postcesarean infection. Patients in the nonelective cesarean group had a greater number of digital examinations, meconium‐stained amniotic fluid, and usage of antibiotic prophylaxis (82.2%), whereas those in the elective cesarean section group had a greater number of vertical skin incisions and operations performed by attending physicians. All cesareans were included. The most common indications for cesarean were cephalopelvic disproportion, fetal indication, malpresentation, and elective repeat cesarean.
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Of the 574 patients studied, a total of 85 patients (14.8%) were found to have infectious morbidity requiring treatment: 67 patients (14.1%) developed endomyometritis; 20 (3.5%) wound infections; nine had documented urinary tract infections; four patients had septic pelvic thrombophlebitis; and two patients developed pneumonia. Some patients developed more than one type of infection. Most cases of infectious morbidity were in the nonelective cesarean group (n = 66 nonelective, n = 19 for elective group) (18.3% versus 8.9%, P < .001; relative risk [RR] = 0.4 [95% confidence interval (CI) 0.3, 0.7]). Twelve cases of endomyometritis occurred in the elective group, whereas 55 were in the nonelective group (P < .001; RR = 0.3 [95% CI 0.2, 0.6]). Two wound infections, one urinary tract infection, and one case of septic pelvic thrombophlebitis occurred in the elective cesarean group. One case of pneumonia occurred in each group. No significant differences were seen between cesarean groups with respect to these subgroups of infection.

Table 3 shows the risk factors that showed significant differences in patients having a nonelective cesarean depending on the development or not of an infection. Variables tested but not found to have any significant differences include length of membrane rupture, type of anesthesia, length of bladder catheterization, presence of meconium‐stained amniotic fluid, use of prophylactic antibiotics, type of skin incision, type of uterine incision, estimated blood loss, postpartum hemorrhage, Apgar scores, birth weight, umbilical artery cord pH, NICU admission, maternal smoking, drug abuse, insurance type, presence of maternal diabetes, maternal age, and gestational age at delivery. Nonwhite ethnicity, obesity, greater BMI, longer time in labor, greater number of digital examinations, professional level of the operator, and primary cesarean were all more frequently present in those developing infection. The RR for an obese patient to develop an infection postcesarean was 3.0 (95% CI 1.6, 5.8). Obese patients were more likely to develop endomyometritis (15.9% versus 5.0%, P < .001; RR = 3.3 [95% CI 1.6, 6.9]). Though not significant, 75% of the wound infections also occurred in the obese patient group. In addition, when evaluating only patients who received prophylactic antibiotics (n = 265), obese patients still had the greater risk of developing endomyometritis (14.5% versus 4.4%, P < .001; RR = 3.9 [95% CI 1.7, 9.0]). The risk for developing any infection also remained higher even when antibiotic prophylaxis was provided for the obese patient (23.4% versus 8.5%, P < .001; RR = 3.3 [95% CI 1.6, 6.8]). No differences were seen in infection rates between obese and nonobese patients who were not given antibiotic prophylaxis (n = 47) (23.1% versus 14.2%, RR = 1.8 [95% CI 0.4, 8.3]).
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Patients undergoing a cesarean for cephalopelvic disproportion or failure to dilate (n = 134) (as opposed to all other indications) had a higher incidence of infectious morbidity (27.1% versus 11.9%, P < .001; RR = 2.7 [95% CI 1.5, 4.9]). The incidence of infection in patients undergoing cesarean for cephalopelvic disproportion (n = 90) was even higher than in those who had other cesarean indications (34.4% versus 10.8%, P < .001; RR = 4.3 [95% CI 1.4, 13.6]).

Only BMI, maternal obesity, length of labor, and the mean number of digital cervical examinations remained significant as potential risk factors of postcesarean infectious morbidity after multivariate analysis. Receiver operating characteristic (ROC) curves were determined for BMI, length of labor, and the number of digital examinations. For BMI, the area under the curve was 0.678 (0.602–0.753, P < .001). For a BMI greater than 30, the sensitivity was 85.1%, and the specificity was 55.8%. With respect to prediction of infectious morbidity, the ROC curve for labor length suggested a cut point of 10 hours for increased risk for infectious morbidity (sensitivity 67.3%, specificity 50.0%). The area under the curve was 0.663 (0.579–0.747, P < .001). A cut point of four or more examinations was associated with an increased risk for infection (sensitivity 72.7%, specificity 55.4%). The area under the curve for digital examination and the occurrence of infectious morbidity was 0.614 (0.529–0.699, P < .001).

Table 4 contains the significant risk factors for infectious morbidity for those patients having an elective cesarean. Other variables tested but not showing significant difference included number of digital examinations, gestational age at delivery, type of skin incision, maternal tobacco usage, maternal insurance type, maternal drug abuse, maternal diabetes, type of anesthesia, total operative time, length of bladder catheterization, presence of meconium‐stained amniotic fluid, estimated blood loss, incidence of postpartum hemorrhage, birth weight, Apgar scores, umbilical artery cord pH, and NICU admission. The increased risks for infectious morbidity associated with maternal race (black) and BMI remained after multivariate analysis. No risk was seen with respect to professional level of the primary surgeon when one controls for the use of antibiotic prophylaxis. The use of prophylactic antibiotics reduced the risk for postoperative infection in the residents' cases. If one controls only for obesity, more postcesarean infections were seen with the residents' patients. This risk could be race‐related, as black patients had higher rates of infection. The relative risk for postoperative morbidity in an obese patient having an elective cesarean is 1.6 (95% CI 1.2, 2.0). For the obese patient not given prophylactic antibiotics, the risk is increased significantly to 2.5 (95% CI 1.3, 4.9). The ROC curve for BMI and the occurrence of some type of infectious morbidity was determined. For a BMI greater than 30.0, the sensitivity was 90.0%, and the specificity was 58.0%. The area under the curve was 0.737 (0.613–8.60, P < .001).
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DISCUSSION

Based on our MEDLINE search of literature from 1966 to April 2002, our finding of an increased risk for infectious morbidity in obese patient regardless of elective or nonelective nature of cesarean had not been previously reported. Knowledge that the risk of infectious morbidity is increased 2–3 times in obese patients undergoing cesarean is important. Our study has confirmed the reports of both Tran and colleagues14 and Perlow and Morgan,15 who each noted an increased incidence of postcesarean infectious morbidity in the nonelective delivered obese patient. Chauhan et al17 noted more infectious morbidity in patients of 300 or more pounds who had a failed vaginal birth after cesarean delivery attempt when compared with a similar group having an elective repeat cesarean delivery. Their numbers were limited, and no control group was described. Our postcesarean infectious morbidity rate of 14.8% in obese patients is within the 12.4%–23.3% range previously reported.14 Our study also confirms that, in spite of the use of prophylactic antibiotics, obese patients have higher rates of infectious morbidity. This raises clinical questions related to current prophylactic doses, the time of administration, and perhaps the need for a more prolonged administration of antibiotics. Because obesity was the most important risk factor for postoperative infection identified in this study, and because it is one of the few risk factors that cannot be avoided when a patient presents in labor, education to minimize excessive prenatal weight gain, recommendations for preconceptual weight loss, and studies investigating alternative prophylactic treatments are needed. The ROC curves generated in this study would seem to suggest using a BMI cut point of 30.0 to design these studies.

Knowledge of who is at increased risk for infectious morbidity should impact labor management. Early intervention with oxytocin has been shown to reduce infectious morbidity.18,19 The risk for increased intrauterine infections associated with more frequent digital examinations of the cervix has also been described.20,21 Steps to reduce the frequency of digital examinations of the cervix would also seem warranted, particularly in light of the work of Imseis and coworkers.22 They found that a single digital examination nearly doubled the number of different types of organisms cultured from the cervix. Our data suggest that attempts to both shorten the length of labor to less than 10 hours by administration of oxytocin and performing less than four digital examinations could decrease the risk of infection if the patient requires a cesarean.

We also noted an increased risk of infection in black women undergoing elective cesarean. Corrections for obesity and antibiotic usage did not eliminate this risk. This would seem to be consistent with a review of the literature by Fiscella23; however, the increased risk for infectious morbidity for blacks was lost after multivariate analysis in the nonelective cesarean group. A possible explanation for the higher infection rates seen in patients of this ethnicity may have to do with higher colonization rates for group B streptococci.24,25 Because less than 50% of our patients had group B streptococci screening performed, adequate comparisons could not be made for this factor; however, all patients were treated preoperatively if either a positive culture result or presence of group B streptococci risk factors were found in accordance with the recommendations of the American College of Obstetricians and Gynecologists.26 We did not make comparisons between groups for chlamydia, gonorrhea, or bacterial vaginosis. Patients found to have chlamydia or gonorrhea prenatally were treated at diagnosis. Test of cures were done after treatment. We were not able to locate any studies suggesting a different frequency of these infections in the obese patient; however, the higher postoperative infection rates seen in this study for the obese population would also suggest further evaluations for these pathogens.

We did not evaluate the method of placental delivery, owing to poor documentation. The same holds true for the management of the visceral peritoneum and timing of antibiotic administration. Very few subcutaneous drains were documented in the hospital records, so no analysis could be done for this variable. The importance of each of these infection‐preventing techniques necessitates further evaluation in the obese patient. Until such studies are made, one could consider making use of each of these techniques in order to further minimize the risk of postoperative infection in the obese patient.
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Table 3. Risk for Infectious Morbidity in Patients Having a

Nonelective Caesarean

No
Infection

Infection (0 =

(n=66) 294) _Significance
Maternal age (mean) 238 258  P<.01
Maternal BMI (kg/m?)* 366 323 P<.001"
(mean)
Obesity (%)* (mean) 818 573  P<.01
Length of Labor (b)* 184 109 P<.o01
(mean)
Number of digital 61 45 P<.001*
examinations*
(mean)
Total operative time 558 455  P<.(035
(min) (mean)
Race (%)
White 254 401
Black 200 226  P<.04
Hispanic 327 351
Other 18 23
CPD indication (%) 27.1 19 P<.01
Level of operater 9%52 754  P<.002
(% residents)
Intrauterine pressure 646 488  P<.34
catheter ()5
Internal fel monitor 688 502 P<.015
(%)
Primary cesarean (%)! 875 714 P<013
Nulliparous 636 468 P<.04

BMI = body mass index; GPD = cephalopelvic disproportion.
* Remain significant after multivariate analysis.
P< 001 after multivariate analysis (infection vs no infection).
#P< 003 after multivariate analysis (infection vs no infection).
$ Only significant in obese patients but not significant after multivar-

iat anaysis.

of obesity but not after

analysis.
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Table 4. Risk for Infectious Morbidity in Patients Having

an Elective Caesarean

(n =19) (n = 195) Significance

No
Infection Infection

Maternal BMI 389 322
(kg/m?*" (mean)

Obesity (%)* (mean) 85 580

Maternal age (mean) 29 29

Race*™ (%)
White 216 565
Black 632 115
Hispanic 158 315
Other 15

Uterine incision 25.0 45
(% vertical incision)

Level of operater 1000 615
(% residents)*

Prophylactic 50 780

antibiotics* (%)

P<.003
P<.04
P<.002

P<.001

P<.014
P<.009

P<.022

BMI = body mass index.

* Remains signiicant when controlled by adminisration of prophy-

Iactic antibiotics.

" Remains significant after multivariate analysis.

#Remains significant for obese patients only.
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Table 1. Demographic Information

Elective cesarean

Nonelective cesarean

(n=214) (n = 36 Significance

Age(y) 269 254 P< 003
Race (%)

White 533 350

Black 159 252 P< 003

Hispanic 200 347

Other 19 22
Gravidity (median) 3 2 P< 002
Parity (median) 1 1 Not significant
Gestational age at delivery (wk) 38.1 384 Not significant
Birthweight (g) 3149 3135 Not significant
pH umbilical artery 73 7.91 Not significant
Maternal diabetes 120 84 Not significant
Insurance (% Medicaid) 65.0 659 Not significant
Smokers (%) 268 215 Not significant
Drugs of abuse (%) 47 63 Not significant
Previous cesarean (%) 63.1 258 P< 001

Data presented as mean unless otherwise stated.
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Table 2. Risk Factors for Infection

Elective cesarean Nonelective cesarean

(n = 214) (n = 360) Significance
Length of labor (b) 0 103 P< 001
Length of membrane rupture (b) 0 158 P< 007
Number of digital examinations 0.7 48 P< 001
Duration of surgery (min) 445 166 Not significant
Estimated blood loss (mL) 700 740 P<035
Postpartum hemorrhage (0) 2.8 44 Not significant
Maternal BMI (kg/m?) 328 329 Not significant
Obesity (%) 60.4 613 Not significant
Internal fetal monitor (%) 0 58 P< 001
Tntrauterine pressure catheter (%) 0 50.0 P< 001
Bladder catheterization (h) 23.1 223 Not significant
Vertical skin incision (%) 208 133 P<017
Vertical uterine incision (%) 65 42 Not significant
Primary surgeon (% resident) 369 27 P<011
Meconium-stained fluid (%) 38 168 P< 001
Antibiotic prophylaxis 752 866 P<001

BMI = body mass index.
Data presented as mean unless otherwise stated.





