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Abstract 

Objective: To evaluate whether preoperative vaginal preparation routines influence 

postoperative infectious morbidity in vaginal hysterectomy and to analyze risk factors for 

postoperative infectious morbidity.  

Design: Retrospective, longitudinal cohort study.  

Setting: Forty three hospitals in Sweden, participating in the Swedish National Register for 

Gynecological Surgery. 

Population: All 6496 women who were enrolled in the Register and underwent vaginal or 

laparoscopically assisted vaginal hysterectomy between January 1, 2000 and February 1, 

2008.  

Methods: Register data were collected prospectively using doctors´ forms and patient 

questionnaires. Information about vaginal preparation routines in the clinics were achieved 

retrospectively by an e-mail survey. Multiple logistic regression analyses models were used to 

determine associations and risk factors. 

Main outcome measures: Infectious morbidity within 6 – 8 weeks postoperatively 

Results: No significant differences were seen in postoperative infectious morbidity at long 

term between vaginal preparation using saline or chlorhexidine solution or no cleansing. At 

discharge from hospital those who had had vaginal cleansing using saline solution had a 

significantly higher risk of postoperative infections. Risk factors for infectious morbidity were 

young age, obesity, preoperative injury of urinary bladder, operative time, duration of hospital 

stay and protective factors were prophylactic antibiotics and concomitant prolapse surgery. 

Conclusions: This study indicates that saline solution should not be used for vaginal 

cleansing due to a higher risk of infectious morbidity in the immediate postoperative period. 

Infectious morbidity may be reduced further by employing preventive measures such as 
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meticulous surgical technique, preoperative weight reduction in obese women and minimizing 

time in hospital. 
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Abbreviations 

BMI  body mass index 

CI  confidence interval 

LAVH laparoscopically assisted vaginal hysterectomy 

OR  odds ratio 

POP  pelvic organ prolapse 

SD  standard deviation 

UTI  urinary tract infection 
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Introduction 

Infectious morbidity is a common postoperative complication after hysterectomy for benign 

conditions (1). In a large prospective Finnish register study encompassing more than 10 000 

hysterectomies, the overall complication rates were 17.2, 23.3 and 19.0%, respectively for 

abdominal, vaginal and laparoscopic hysterectomy. The corresponding infectious morbidity 

rates were 10.5, 13.0 and 9.0%, respectively, indicating that infectious morbidity is the single 

most common complication after hysterectomy independent of mode of surgery (2). 

Various preventive measures such as the use of prophylactic antibiotics have been taken 

to reduce the morbidity. Other preventive measures are often carried out concomitantly with 

the use of prophylactic antibiotics but these are rarely adjusted for in the results of studies 

describing the effect of the prophylactic antibiotics on postoperative infectious morbidity in 

hysterectomy. One of these measures is vaginal cleansing. In a recently published study we 

presented findings on the influence of vaginal cleansing on infectious morbidity in abdominal 

total hysterectomy that showed that vaginal cleansing using chlorhexidine solution was not 

superior to hysterectomy without any vaginal cleansing (3). Quite to the contrary, vaginal 

cleansing using saline solution was associated with a significantly higher rate of cases of 

postoperative infectious morbidity than occurred if there was no use of vaginal cleansing or if 

chlorhexidine solution was used. Vaginal cleansing is commonly used in the preoperative 

preparation in hysterectomy, independent of mode of surgery. Despite a lack of scientific 

evidence of efficacy vaginal preparation is advocated in some text books in gynecological 

surgery (4,5). Very few randomized studies have been published concerning vaginal cleansing 

in hysterectomy (6-10). Furthermore, no general conclusion can be made from these trials 

since none of them have compared results of antiseptic use with results from cleansing using 

saline solution or no cleansing at all. Amstey and Jones in 1981 suggested that cleansing with 

saline solution would reduce the number of bacteria by simple dilution (11). 
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In Sweden, vaginal cleansing is not consistently used in the preoperative vaginal 

preparation before hysterectomy and the mode of cleansing varies between hospitals. The 

aims of this study were to evaluate whether preoperative vaginal preparation routines 

influence postoperative infectious morbidity in vaginal hysterectomy and to analyze risk 

factors for postoperative infectious morbidity.  
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Material and methods 

This study is based on data extracted from the Swedish National Register for Gynecological 

Surgery and retrospectively collected information from the clinics about preoperative vaginal 

preparation routines. 

The data used were the prospectively collected data in the Register of the cohort of 

women undergoing vaginal and laparoscopically assisted vaginal hysterectomy for benign 

conditions between January 1, 2000 and February 1, 2008. In May 2008 an e-mail survey 

about vaginal preparation routines employed preoperatively for all cases of vaginal and 

laparoscopic assisted vaginal hysterectomy was sent to all 43 hospitals enrolling patients in 

the Register during the time period. Responses were received from all participating clinics. In 

the survey the clinics were asked to answer whether they routinely used vaginal cleansing 

preoperatively during the period and, if so, which disinfectant was used. If the vaginal 

preparation routine had changed during the study period the clinic was required to give 

information about when and how the change had been carried out. 

In this study extracted data and the definitions of postoperative infectious morbidity 

were similar to those previously published in the Swedish National Register for 

Gynecological Surgery concerning hysterectomy on benign indications (3,12). Briefly, data 

were collected prospectively using doctors´ forms and patient questionnaires. Demographic, 

clinical and surgical data were accumulated pre-, per- and postoperatively for all patients 

during the hospital stay At discharge data were registered about postoperative infectious 

morbidity and treatments during the hospital stay comprising 1) febrile morbidity 

(temperature >38ºC for > 2 days); 2) abdominal wall wound infection; 3) vaginal cuff 

infection; 4) lower urinary tract infection (UTI); 5) upper UTI; 6) intra abdominal infection; 

and 7) sepsis.  
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The clinic routinely sent postoperative questionnaires to the patient approximately 6 to 

8 weeks after the hysterectomy and the completed questionnaires were returned to the clinic. 

The questionnaire dealt with questions about postoperative infections and treatment from time 

of the operation to completion of the questionnaire. The options for answering the questions 

about postoperative infectious morbidity were a) having had temperature more than 38ºC for 

more than 2 days after the operation; occurrence of: b) urinary tract infections; c) pelvic 

infection with purulent discharge; d) wound infection; e) pelvic abscess: f) sepsis; g) other 

infections; or h) no infections in the postoperative period. For treatment of postoperative 

complications the options were: I) no treatment; II) follow-up visit and/or further 

investigations; III) treatment with antibiotics; IV) treatment with analgesics; V) wound 

bandaging and dressing; and VI) other treatment. The patient could indicate more than one 

alternative answer to these questions. 

In this study only those with postoperative infections registered at discharge from the 

hospital or who indicated at least one of the alternatives b to f in the postal questionnaire and 

were treated with antibiotics according to the questionnaire or registered by the physician in 

follow-up visits, were considered to have postoperative infectious morbidity. The 

postoperative infectious morbidity was categorized as postoperative infection (UTI not 

included), UTI, and no infection. Consequently, since an individual could have a 

postoperative infection (UTI excluded) concomitant with a UTI, overall postoperative 

infection was defined as a condition with either postoperative infection (UTI not included) or 

UTI. 

Details of Ethics Approval 

The study was approved by the Regional Ethics Board of Linköping University (Registration 

nr M19-07; amendment T4-09). Date of approval January 24; 2007 and for the amendment 

January 9, 2008). 
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Statistical analysis 

Statistical analyses were performed using Statview
®
, version 5.01 (SAS Institute Inc. SAS 

Campus Drive Cary, NC 27513). Ordinal data are presented as number and frequency, and 

continuous data as mean and standard deviation (SD). In the univariate analyses Student´s-test 

(two-sided) was used for continuous data and Yates χ
2 

tests or Fishers exact test for ordinal 

data. Multiple logistic regression analyses models were used to analyze associations between 

independent variables influencing occurrence of postoperative infectious morbidity. In these 

models, adjustments were carried out for known or potential confounding factors of 

postoperative infectious morbidity: age, BMI, smoking, concomitant POP surgery, per-

operative bleeding volume, operation time, duration of hospital stay, and use of prophylactic 

antibiotics. The multivariate analyses were conducted in two steps. First, the above mentioned 

confounding factors were entered simultaneously in the models. Secondly, additional 

potential confounding factors were analyzed in the above mentioned models by testing them 

one by one in order to evaluate the predictive value of these factors in the occurrence of 

overall postoperative infectious morbidity at long term.  

The results are presented as odds ratios (ORs) with 95% confidence interval (CI). Level 

of significance was set at p<0.05. 
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Results 

The flow chart (Figure 1) illustrates the study population and the distribution of mode of 

vaginal preparations at enrolment, at discharge from hospital and at 6-8 weeks follow-up.  

Forty three clinics reported data to the Register during the study period. Forty one of the 

43 clinics had consistent routines concerning vaginal preparation according to the e-mail 

survey. In the remaining two clinics the vaginal preparation was left to the surgeon’s 

discretion. Since no information about vaginal preparation was available in the individual 

case, these two clinics were excluded from the study. Eventually the study population 

comprised the 6 496 women for whom there was information about vaginal cleansing. 

Six (14.6%) of the 41 clinics did not use vaginal cleansing preoperatively, five (12.2%) 

used saline solution and 30 (73.2%) used chlorhexidine solution. During the study period, two 

clinics changed from using chlorhexidine to using saline solution and two clinics altered from 

using chlorhexidine to not performing vaginal cleansing preoperatively. The median number 

of women enrolled in the study from each clinic was 100 (range 1 – 1 009).  

Table 1 shows the demographic and clinical data of the study population subdivided 

according to type of vaginal cleansing. Statistically significant differences were found 

between groups in several aspects. 

The infectious morbidity registered during the hospital stay in relation to mode of 

vaginal cleansing is presented in Table 2. The infectious morbidity rate registered at discharge 

from hospital was 1.8% (117/6 393). Only vaginal cleansing using saline solution deviated 

statistically significantly and was a risk factor for lower and upper urinary tract infection and 

for infectious morbidity overall. 

At follow-up the overall postoperative infectious morbidity rate was 13.2% (773/5 802). 

No significant differences were found in postoperative infectious morbidity rates between the 

three different routines of preoperative vaginal preparation (Table 3). 
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Figure I. Flowchart of women who underwent vaginal hysterectomy and laparoscopic assisted vaginal 

hysterectomy on benign indications in the Swedish National Register of Gynecological Surgery during 

the period January 1, 2000 to February 1, 2008. 

Women enrolled in the register from 43 clinics. 
N = 6635 

Postoperative infectious morbidity data available at discharge 
from hospital  

N = 6393 
 
 

No vaginal cleansing Chlorhexidine     Saline solution 

        n=588       n=5273             n=532 

Complete data available concerning postoperative infectious 
morbidity treated with antibiotics at discharge and in the six week 
postoperative questionnaire or reported by the physician at follow-

up visits 
N = 5802 

 
 

No vaginal cleansing Chlorhexidine     Saline solution 

        n=552         n=4768   n=482 

No information about 

vaginal cleansing in two 

clinics. n = 139 

No information available in postal 

questionnaire about postoperative 

infectious morbidity. n = 591 

 

Women enrolled in the register with information about vaginal 
preparation routines from 41 clinics  

N = 6496 
 
 

No vaginal cleansing Chlorhexidine Saline solution 
        n=591        n=5372         n=533 

No information at discharge 

about postoperative infectious 

morbidity.  n = 103 
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The results of the multivariate analyses concerning predictive factors for postoperative 

infectious morbidity are shown in Table 4. Young age (< 40 years of age), obesity, operation 

time exceeding 90 minutes, peroperative injury of the urinary bladder, and duration of 

hospital stay exceeding 2 days, were statistically significant risk factors. Contrarily, 

prophylactic antibiotics and concomitant POP surgery, in particular concomitant anterior 

repair, were strong protective factors for postoperative infectious morbidity. Calendar year of 

the operation was not associated the rate of infections significantly (data not shown). By 

adding the hospitals who enrolled more than 20 patients in the Register during the study 

period (i.e. 38 clinics) as a confounding factor into the multivariate analysis model eight of 

these clinics had statistically significantly lower infection rates (OR´s between 0.21 and 0.49) 

than the reference. Five of these eight clinics enrolled each more than 200 women in the study 

and all used chlorhexidine for vaginal cleansing. In the statistical analysis none of the clinics 

had a statistically significantly higher infection rate than the reference. 
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Discussion 

The results of this study imply that preoperative vaginal cleansing using chlorhexidine or 

saline solution does not seem to reduce the overall postoperative infectious morbidity in 

vaginal hysterectomy more than not using vaginal cleansing. However, using saline solution 

for vaginal cleansing seems to increase the risk of infectious morbidity nearly three-fold in the 

immediate postoperative period. This is particularly true for urinary tract infections.  

The study confirmed that prophylactic antibiotics reduce the risk of postoperative infections 

after hysterectomy, and obesity and younger age increase the risk. 

This retrospective study is based on data from the Swedish National Register for 

Gynecological Surgery which has registered data prospectively on hysterectomy for benign 

conditions since 1996. Several papers have been published based on data from the Register, a 

source (the Register) that has been well described and evaluated (3,12-16). The completeness 

of data and the questionnaires in the Register is high (3,12,15). Epidemiologic retrospective 

studies always include certain inherent limitations such as bias or lack of information. No 

information was given concerning delayed postoperative infectious morbidity of the non-

responders of the 6-8 weeks postoperative questionnaire in the Register. This may be a bias in 

the study since the analysis has been done with the assumption that the non-responders were 

missing completely at random. The results should consequently be interpreted accordingly.  

In this study the information about mode of preoperative vaginal preparation was 

collected retrospectively and reported by the clinics whereas information in the Register is 

reported on an individual basis. This may be a source of bias in the study. However, in 

Sweden preoperative vaginal preparation is usually carried out by the operation room nurse. 

This results in high compliance in conduction of the routine. In two clinics the decision of 

whether and how vaginal preparation should be carried out was decided by the surgeon in the 

individual case. These clinics were therefore excluded from the study.  
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The study population was heterogeneously distributed regarding demographic and 

clinical data as shown in Table 1. This suggests that the populations may vary in the 

catchment areas of the hospitals or the clinics may have different selection criteria for 

performing vaginal or laparoscopic assisted vaginal hysterectomy. It is striking that the study 

population in the clinics that did not use preoperative vaginal cleansing had a higher BMI and 

had used prophylactic antibiotics to a lesser degree. These issues could probably 

systematically influence the occurrence of postoperative infections. It is therefore necessary to 

adjust the results for these obvious confounding factors. Consequently, the size of the study 

population and use of multivariate statistic models with adjustment for confounding factors 

strengthen the interpretation of the results.  

Through literature search in electronic media we found no randomized studies of 

vaginal cleansing in vaginal hysterectomy comparing either different antiseptics or antiseptics 

and placebo with infectious morbidity as outcome measure. Only one randomized study by 

Culligan et al. (17) compared two antiseptics (providone iodine and chlorhexidine) in vaginal 

hysterectomy. The primary end point in that study was the proportion of contaminated 

specimens per group throughout the surgical procedure. At each time interval (30, 60 and 150 

minutes after vaginal scrub) the proportion of contaminated specimens was lower in the 

chlorhexidine group but only at the 30 minutes sample the difference reached statistically 

significance, probably due to a low number of participants in the study. No infectious 

morbidity was observed between two and six weeks after the operation. The study was 

inconclusive concerning determination of which method was best to reduce infectious 

morbidity. The authors’ conclusion was to ask the question: “Why not use an antiseptic that 

make the operative field cleaner since the purpose of the scrub is to reduce the number of 

pathogens in the operative field?” 
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The evidence that supported the use of chlorhexidine as a vaginal preparation to reduce 

infections has mainly been based on studies in obstetrics analyzing the effect of vaginal 

chlorhexidine disinfection during labour for the prevention of peripartal infections (18,19). In 

the present study no information is given about which dilution of chlorhexidine that was used, 

how the vaginal preparation was done or when it was carried out. These factors may be of 

importance in determining the nature of the antiseptic effect and the effect on postoperative 

infectious morbidity (17). 

We found no significant difference in overall postoperative infectious morbidity 

between women who had had vaginal cleansing using chlorhexidine and non-users of vaginal 

cleansing but in the immediate postoperative period vaginal cleansing using saline solution 

fell out as a significant risk factor for infections, in particular urinary tract infections. These 

results cohere with those of our previous study concerning vaginal cleansing and abdominal 

total hysterectomy (3). The overall postoperative infectious morbidity rate in this study was 

similar to that reported for abdominal hysterectomy (3). This however seems to contradict the 

results of the Cochrane Review by Nieboer et al. (1), where the rate is higher after abdominal 

hysterectomy.  

Urinary tract infections are common after insertion of indwelling catheters. In the 

present study no information is available in the Register about perioperative use or duration of 

use of the catheter or about the routine of periurethral cleansing. Bacteria can get into the 

catheterized bladder by direct inoculation at the time of catheter insertion and extraluminally 

by ascending from the urethral meatus along the catheter-urethral interface, and intraluminally 

by reflux of the organisms into the catheter lumen (20). However, it seems that urethral 

meatus cleansing using antiseptic or water before insertion of the catheter does not reduce the 

risk of bacteriuria (21). The increased risk of urinary tract infection after vaginal cleansing 

using saline solution as seen in this study can therefore hardly be explained by concomitant 
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cleansing of the periurethral area with saline. Instead it may be plausible that the vaginal flora 

may be disturbed in the recovery after vaginal cleansing by the dilution effect of the saline 

(11) leading to an initial predominance of bacteria other than lactobacilli which may be more 

prone to ascending along the catheter surface and be more pathogenic for the urinary tract.  

An essential factor in the development of postoperative infectious morbidity in 

abdominal hysterectomy is the magnitude of bacterial contamination from the vagina during 

the surgery (22). Despite an obvious higher risk for bacterial contamination of the pelvis by 

the vaginal manipulation during the vaginal surgery we could not verify any increased risk of 

pelvic infections in women who had no vaginal cleansing compared with those who had 

cleansing. There may be some selection bias since cases with obvious preoperative vaginal 

infections such as bacterial vaginosis would be treated for a longer time with antibiotics and 

not simply with antibiotic prophylaxis. This issue is not dealt with specifically in the Register.  

In accordance with other studies this study confirms that age, BMI, prophylactic 

antibiotics, peroperative injury of the urinary bladder, and duration of hospital stay are 

independent risk factors for infectious morbidity after hysterectomy (12,23,24). Smoking 

habits has been shown to be a significant risk factor for perioperative complications including 

infections in surgery including pelvic reconstructive surgery (25,26). In this study smoking 

habits were not an independent risk factor for infections. Because of the minimally invasive 

character of vaginal hysterectomy the negative systemic effects of tobacco smoking on the 

healing (25) may not exceed the limits for an uncomplicated healing process.  

We found a significant association between postoperative infections and operative time 

in vaginal hysterectomy. This is contrary to what has been observed in abdominal 

hysterectomy (3,12,24). The reason for this may be that the surgical field in vaginal 

hysterectomy is exposed to the vaginal flora during entire operation and surgical and 

instrumental manipulations are carried out in the vagina. In abdominal hysterectomy the time 



Vaginal cleansing and postoperative infections 

17 
 

elapsed with an open vagina is usually relatively short and occurs late in the operation. The 

potential magnitude of contamination is therefore greater in vaginal hysterectomy than in the 

abdominal equivalent and consequently increases the risk of infection as emphasized by 

Houang et al. (22). 

The risk of postoperative infections was lower in women who had concomitant prolapse 

surgery to the vaginal hysterectomy than in those who had vaginal hysterectomy alone when 

adjusted for confounding factors. This is in contrast to the findings of Heisler et al. who found 

a significantly higher complication rate including infections when concomitant reconstructive 

pelvic surgery was performed concomitant to the vaginal hysterectomy (27). It was in 

particular the group of women who had anterior colporrhaphy concomitant with the vaginal 

hysterectomy who had a lower risk of postoperative infections. This encompassed occurrence 

of urinary tract infections as well as other infections. We have no reasonable explanation for 

this finding and believe it probably may be a result of multiple testing.  

Shubair et al. found that the recovery of the normal vaginal flora after daily vaginal 

douche using chlorhexidine for seven days occurred within 30 days and no untoward effects 

were seem in the study group of 20 healthy volunteers (28). Whether this result can be 

translated to the use of a single dose of chlorhexidine for vaginal cleansing followed by 

vaginal surgery is not known. Even though severe allergic reactions rarely occur, they have 

been described after topic application of chlorhexidine on skin (29) and desquamating vaginal 

reaction after vaginal cleansing have been reported (30). Whether vaginal cleansing can be 

omitted or vaginal cleansing should be carried out using chlorhexidine or saline solution 

needs further investigations. Preferably, a randomized study should be conducted to give an 

answer to the question. As judged by the infection rates presented here such study seems 

possible to carry out with sufficient statistical power in a multicenter setting. 
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In conclusion this study indicates that saline solution should not be used for vaginal 

cleansing before vaginal hysterectomy due to a higher risk of postoperative infectious 

morbidity in the immediate postoperative period. Infectious morbidity may be reduced further 

by employing preventive measures such as meticulous surgical technique to reduce operation 

time and peroperative complications, weight reduction in obese women prior to hysterectomy 

and minimizing time spent in hospital. Until more information about the influence of vaginal 

cleansing prior to vaginal hysterectomy is available we, in contrast with Culligan et al. (17), 

who stated: “Why not use the antiseptic that seems to make the operative field cleaner?” raise 

the question: “Why use vaginal cleansing in vaginal hysterectomy if it does not reduce the 

infection rate postoperatively and the patient runs a risk of side effects?” 
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Table 1. Demographic and clinical data from 6496 women with vaginal or laparoscopically assisted vaginal total hysterectomy on benign 

indications subdivided according to mode of preoperative vaginal cleansing. 

 A B C Univariate analyses 

Characteristic 

No vaginal 
cleansing 
 (n = 591) 

Vaginal cleansing 
using chlorhexidine 

(n = 5372) 

Vaginal cleansing 
using saline 

(n = 533) 
p-value 
A vs. B 

p-value 
A vs. C 

p-value 
B vs. C 

Age (years) 55.7 ± 12.8 51,1 ± 11.8 55.5 ± 12.7 <0.0001 0.7903 <0.0001 

Age groups 
 
 
 

< 40  
≥ 40 and < 50 
≥ 50 and < 60 
≥ 60 

54    (9%) 
170  (29%) 
146  (25%) 
221  (37%) 

683    (13%) 
2322  (43%) 
1177  (22%) 
1190  (22%) 

48    (9%) 
155  (29%) 
136  (26%) 
194  (36%) 

<0.0001* 0.9832* <0.0001* 

BMI (kg/m2) 26.1 ± 4.2 25.6 ± 4.2 26.0 ± 3.9 0.0093 0.6737 0.0479 

BMI groups 
 
 

< 25 
≥25 and <30 
≥ 30 

234  (45%) 
209  (40%) 
77    (15%) 

2506  (51%) 
1707  (35%) 
705    (14%) 

217   (45%) 
188   (39%) 
74     (16%) 

0.0248 0.9376 0.0578 

Smoking 
 

Yes 
No 

97    (18%) 
446  (72%) 

1309  (26%) 
3815  (74%) 

87     (17%) 
422   (83%) 

0.0001‡ 0.8042‡ <0.0001‡ 

Mode of hysterectomy 
 
 
 

Vaginal  
LAVH 
 

578  (98%) 
13    (2%) 

4790  (89%) 
582    (11%) 

520   (98%) 
13     (2%) 

<0.0001‡ 0.9459‡ <0.0001‡ 

Concomitant POP 
surgery 

Yes 
No 

333  (56%) 
258  (44%) 

1589  (30%) 
3783  (70%) 

250   (47%) 
283   (53%) 

<0.0001‡ 0.0019‡ <0.0001‡ 

Duration of surgery (minutes) 79.6 ± 35.5 73.9 ± 33.9 73.9 ±  32.0 <0.0001 0.0051 0.9905 

Bleeding volume (mL) 137 ± 171 149 ± 175 158 ± 150 0.1452 0.0338 0.2282 
Peroperative organ 
injury 

Urinary bladder 
Intestinal 
Ureter 

4      (0.7%) 
0      (0%) 
2      (0.3%) 
 

50      (0.9%) 
2        (0.04%) 
4        (0.07%) 

6       (1.1%) 
0       (0%) 
0       (0%) 

0.6530† 

1.0000† 

0.1148† 

0.5313† 

1.0000† 

0.5008† 

0.6403† 

1.0000† 

1.0000† 

Weight of uterus (g) 152 ± 103 165 ± 123 149 ± 92 0.0798 0.7443 0.0261 

Use of antibiotic 
prophylaxis 
 

Yes 
No 
No information 

430  (73%) 
154  (26%) 
7      (1%) 

4866  (91%) 
346    (6%) 
160    (3%) 

405    (76%) 
119    (22%) 
9        (2%) 

<0.0001
♦ 0.2866

♦ <0.0001♦ 
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Blood transfusion  
(no. of patients)  

Yes 
No 
No information 

2      (0.3%) 
578  (97.8%) 
11    (1,9%) 

30      (0.6%) 
4968  (92.5%) 
374    (6.9%) 

3      (0.6%) 
501  (94.0%) 
29     (5.4%) 

<0.0001♦ 0.0044♦ 0.4138♦ 

Duration of hospital stay (days) 1.9 ± 2.5 2.1 ± 1.8 2.7 ± 3.1 <0.0001 <0.0001 <0.0001 

Figures are mean ± 1 standard deviation (SD) or number and (%). 

BMI = body mass index; LAVH = laparoscopically assisted vaginal hysterectomy; POP = pelvic organ prolapse. 

Information about characteristics is partially lacking for some patients.  

* Yates χ
2 

test; df = 3. 
♦
 Yates χ

2 
test, df = 2. ‡ Yates χ

2 
test; df = 1. † Fishers exact test. Student´s t-tests are used for comparing continuous 

variables between the groups. 
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Table 2. Associations between mode of vaginal cleansing and postoperative infectious morbidity registered at discharge from hospital in 6393 

women. 

 Infectious morbidity 

Proportion registered as 
treated with antibiotics or 
penicillin at discharge Mode of vaginal cleansing 

No. of women with the 
infectious morbidity 
(n and (%)) OR and (95% CI)* 

A Fever > 38º C >2 days 76%   (45/59) No vaginal cleansing 
Chlorhexidine 
Saline 

2      (0.34%) 
48    (0.91%) 
9      (1.69%) 

0.19    (0.02 – 1.59) 
1  (reference) 
1.74    (0.72 – 4.19) 

B Lower UTI 96%   (71/74) No vaginal cleansing 
Chlorhexidine 
Saline 

7      (1.19%) 
49    (0.93%) 
18    (3.38%) 

1.00    (0.41 – 2.47) 
1  (reference) 
3.82    (2.08 – 6.99) 

C Upper UTI 100% (3/3) No vaginal cleansing 
Chlorhexidine 
Saline 

0      (0%) 
1      (0.02%) 
2      (0.38%) 

NA 
1  (reference) 
20.46  (1.49 – 280.46) 

D Vaginal cuff infection 86%   (30/35) No vaginal cleansing 
Chlorhexidine 
Saline 

2      (0.34%) 
30    (0.57%) 
3      (0.56%) 

1.41    (0.31 – 6.36) 
1  (reference) 
0.83    (0.16– 4.37) 

E Abdominal wound infection 100%    (1/1) No vaginal cleansing 
Chlorhexidine 
Saline 

0      (0%) 
1      (0.02%) 
0      (0%) 

NA 
NA 
NA  

F Intra abdominal infection 57%    (4/7) No vaginal cleansing 
Chlorhexidine 
Saline 

0      (0%) 
7      (0.13%) 
0      (0%) 

NA 
NA 
NA  

G Sepsis 0%  (0/0) No vaginal cleansing 
Chlorhexidine 
Saline 

0      (0%) 
0      (0%) 
0      (0%) 

NA 
NA 
NA 

B-G Any infectious morbidity#  91%    (106/117) No vaginal cleansing 
Chlorhexidine 
Saline 

9      (1.53%) 
86    (1.63%) 
22    (4.14%) 

0.96    (0.44 – 2.12) 
1  (reference) 
2.96    (1.74 – 5.04) 

CI = confidence interval. NA = not applicable. OR = odds ratio. POP = pelvic organ prolapse. UTI = urinary tract infection. *Adjusted for age, 

BMI, smoking, peroperative bleeding volume, operative time, duration of hospital stay, concomitant POP surgery, and use of prophylactic 

antibiotics. # A woman may have more infections. 
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Table 3. Associations between mode of vaginal cleansing and postoperative infectious morbidity treated with antibiotics registered by the physician at 

discharge from the hospital or at follow up visits, or by the patient in the postal questionnaire for 5802 women.  

 
Postoperative infections 

(UTI not included) 
 

UTI 
 

Overall postoperative infections 

Mode of vaginal cleansing 
Number of 

cases and (%) OR and (95% CI)* 
Number of 

cases and (%) OR and (95% CI)* 
Number of 

cases and (%) OR and (95% CI)* 

No vaginal cleansing (n=552) 47    (8.5%) 1   (reference) 35    (6.3%) 1  (reference) 70    (12.7%) 1  (reference) 

Chlorhexidine (n=4768) 465  (9.8%) 1.07  (0.75-1.52) 284  (6.0%) 1.04  (0.69-1.57) 638  (13.5%) 1.00  (0.74–1.35) 

Saline solution (n=482) 42    (8.7%) 0.95  (0.59-1.55) 34    (7.1%) 1.15  (0.67-1.97) 65    (13.5%) 1.00  (0.67-1.49) 

UTI = urinary tract infection. POP = pelvic organ prolapse. BMI = body mass index 

Overall postoperative infection was defined as a condition with either postoperative infection (UTI not included) or UTI. 

*Adjusted for age, BMI, smoking, peroperative bleeding volume, operative time, duration of hospital stay, concomitant POP surgery, and use of 

prophylactic antibiotics. 

 

.
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Table 4. Predictive factors for postoperative infectious morbidity treated with antibiotics after 

vaginal hysterectomy on benign indication.  

Predictive factor OR and (95% CI)* P-value 

Mode of hysterectomy Vaginal  
LAVH 

1  (reference) 
0.93      (0.59 – 1.25) 

 
0.6296 

Age groups (years) < 40  
≥ 40 and < 50 
≥ 50 and < 60 
≥ 60 

1  (reference) 
0.76     (0.59 – 0.97) 
0.56     (0.41 – 0.76) 
0.63     (0.44 – 0.89) 

 
0.0273 
0.0002 
0.0068 

BMI groups (kg/m2) < 25 
≥25 and <30 
≥ 30 

1  (reference) 
1.18    (0.98 – 1.41) 
1.29    (1.01 – 1.63) 

 
0.0829 
0.0402 

Smoking No 
Yes 

1  (reference) 
1.03    (0.84 – 1.25) 

 
0.7810 

Duration of surgery (min) < 60  
≥ 60 and < 90  
≥ 90  

1  (reference) 
1.13     (0.92 – 1.38) 
1.31     (1.05 – 1.65) 

 
0.2439 
0.0180 

Volume of bleeding (ml) < 100  
≥ 150 and < 500  
≥ 500  

1  (reference) 
1.17     (0.96 – 1.42) 
0.88     (0.57 – 1.38) 

 
0.1158 
0.5795 

Blood transfusion  No 
Yes 

1  (reference) 
1.39      (0.49 – 3.91) 

 
0.5326 

Peroperative injury of urinary 
bladder 

No 
Yes 

1  (reference) 
2.16     (1.10 – 4.24) 

 
0.0246 

Weight of uterus (g) < 300  
≥ 300  

1  (reference) 
0.85     (0.61 – 1.17) 

 
0.3113 

Concomitant POP surgery No 
Yes 

1  (reference) 
0.71    (0.55 – 0.90) 

 
0.0049 

Mode of concomitant POP 
surgery 

No POP surgery 
Anterior repair 
Posterior repair 
Complete repair 

1  (reference) 
0.65     (0.47 – 0.90) 
0.69     (0.38 – 1.26) 
0.77     (0.58 – 1.02) 

 
0.0103 
0.2250 
0.0676 

Prophylactic antibiotics No 
Yes 

1  (reference) 
0.63     (0.47 – 0.84) 

 
0.0019 

Duration of hospital stay (days) ≤ 2  
3 – 5  
> 5  

1  (reference) 
1.71     (1.43 – 2.05) 
5.88     (3.94 – 8.76) 

 
< 0.0001 
< 0.0001 

BMI = body mass index; POP = pelvic organ prolapse. 

*Adjusted for age, BMI, smoking, peroperative bleeding volume, operative time, duration of 

hospital stay, concomitant POP surgery, use of prophylactic antibiotics, and mode of vaginal 

cleansing. 
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