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Abstract

Background: Preoperative urinary tract infection (UTI) may be associated with surgical site 

infections secondary to hematogenous spread of bacteria. The association between preoperative 

UTI and postoperative complications has not been evaluated in general surgery populations.

Materials and methods: Patients undergoing elective general surgery procedures from 2011 to 

2013 were selected from the American College of Surgeons National Surgical Quality 

Improvement Program database. Patients with UTI present at the time of surgery (PATOS) were 

identified as cases. Patients without UTI PATOS were selected and matched 2:1 on age, American 

Society of Anesthesiologists class, and Current Procedural Terminology code with identified 

cases. Univariate and multivariate analyses compared postoperative outcomes between the two 

groups.

Results: A total of 434,802 patients were identified for inclusion in the study, with an overall 

preoperative UTI rate of 0.1% (n = 363). On univariate analysis, the UTI group had a significantly 

higher incidence of overall complications, infectious complications, and noninfectious 

complications. Multivariate analysis confirmed that patients with UTI had a higher risk of 

postoperative complications compared with those without preoperative UTI (odds ratio [OR] 

1.551, 95% confidence interval [CI] 1.071–2.247). This relationship persisted for both infectious 

(OR 1.515, 95% CI 1.000–2.296) and noninfectious (OR 1.683, 95% CI 1.012–2.799) 

complications.
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Conclusions: We demonstrated an increased rate of 30-d complications in elective general 

surgery patients with UTI PATOS. These findings suggest that diligent efforts to diagnose and treat 

UTI before surgery may result in improved outcomes. Furthermore, surgeons should consider 

postponing elective procedures to allow for the complete resolution of preoperative UTI.
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Introduction

Over 4%−5% of patients undergoing colorectal surgeries and nearly 3% of patients 

undergoing elective vascular surgeries develop postoperative urinary tract infection (UTI).
1–4 In the perioperative setting, UTI is associated with higher costs, longer hospital stay, and 

increased incidence of other postoperative complications.3–8 Although the implications of 

postoperative UTI are well known, the impact of preoperative UTI on postoperative 

outcomes remains controversial. The urinary tract is the most common source of bacteremia 

in the elderly, which highlights the potential role of urinary pathogens in systemic illness.9 

In the orthopedic surgery literature, bacteria from the urinary tract have been implicated in 

the development of surgical site infection (SSI). Specifically, a mechanism of hematogenous 

spread of urinary pathogens and subsequent seeding at the site of orthopedic implants has 

been described.10–13 Conversely, others argue that patients with preoperative UTI have no 

increased risk of SSI, and therefore, this should not be a reason to delay surgery.14

Despite the well-described negative consequences of postoperative UTI, fewer studies have 

examined the relationship between UTI present at the time of surgery (PATOS) and 

postoperative complications. Diagnosis and treatment of UTI preoperatively may prove to be 

an easily modifiable factor that could have the potential to improve postoperative outcomes. 

The goal of this study was to evaluate the risk of postoperative complications in the setting 

of preoperative UTI in patients undergoing elective general surgery procedures. We 

hypothesized that the presence of UTI at the time of elective surgery is associated with 

increased postoperative complication rates compared with those without preoperative UTI.

Methods

Data source and patient selection

All patients in the multi-institutional American College of Surgeons National Surgical 

Quality Improvement Program (ACS-NSQIP) participant use files from 2011 to 2013 who 

underwent elective general surgery procedures were considered for inclusion in this study. 

Patients who had missing UTI PATOS information were excluded. Additional exclusion 

criteria included American Society of Anesthesiologists (ASA) class 5 or unknown, 

presence of preoperative sepsis or septic shock, and preoperative ventilator dependence. 

Patients with UTI PATOS were identified as cases. Patients without UTI PATOS were 

selected and matched 2:1 on age, ASA class, and Current Procedural Terminology (CPT) 

code with the previously identified cases (Fig. 1). The University of Wisconsin granted 
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Institutional Review Board exemption for this study. Patient consent was not required for 

this study.

Variable definitions

“Elective surgery” is defined in NSQIP as surgery in which the patient presents to the 

facility for a scheduled surgery on the day that the procedure is to be performed and 

specifically excludes emergent and urgent cases, along with cases in which the patient is 

inpatient status before surgery, presents through the emergency department, or is transferred 

from a clinic. General surgery procedures were defined as those being performed by a 

general surgeon and included a variety of different procedures ranging from skin and soft-

tissue surgery to solid organ resections (Table 1). Procedures were categorized by CPT code 

into seven major groups as summarized in Table 1.

Preoperative UTI was defined according to the UTI PATOS variable, which was added to the 

NSQIP database in 2011. This variable captures UTIs that were likely or definitely present 

preoperatively, specifically in patients in whom UTI is diagnosed as a postoperative 

complication. If UTI is diagnosed within 30 d of surgery (Table 2), the UTI is considered to 

have been present before surgery if “there was any preoperative evidence of a symptomatic 

UTI (that had not started treatment or is currently undergoing treatment) or preoperative 

evidence was highly suggestive or suspicious of a UTI at the time of surgery.”15 Importantly, 

this includes only cases in which either treatment was not started preoperatively or treatment 

was started and remained underway at the time of the postoperative UTI diagnosis. This 

does not include patients who had been diagnosed with a UTI before the time of surgery and 

had completed treatment, without evidence of ongoing infection.

Age was treated as a categorical variable with the following definitions: <40 y, 40–55 y, 56–

70 y, and >70 y. Body mass index (BMI) was also divided into categories as nonobese (BMI 

< 30) and obese (BMI ≥ 30).

Outcomes

The primary outcome for this study was the occurrence of at least one postoperative 

complication within 30 d of surgery (“any complication”). Complications reported in NSQIP 

were grouped into two categories to more clearly understand the effect of UTI PATOS on 

postoperative morbidity. The composite outcome “infectious complication” included the 

presence of at least one of the following: superficial incisional SSI, deep incisional SSI, 

organ space SSI, and pneumonia. Similarly, “noninfectious complication” included the 

presence of at least one of: dehiscence, unplanned intubation, pulmonary embolism, 

ventilator use >48 h, progressive renal insufficiency, acute renal failure, cardiac arrest 

requiring cardiopulmonary resuscitation, myocardial infarction, and deep vein thrombosis/

thrombophlebitis. Additional secondary outcomes included the occurrence of each 

individual complication reported in the NSQIP database.

By definition in NSQIP, a condition can only be coded as PATOS if it has already been noted 

as a postoperative complication. For this reason, postoperative UTI was not included in any 

of the composite outcomes or as an individual postoperative outcome. Furthermore, if any 
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condition was noted to be present at the time of surgery (e.g., pneumonia) in a particular 

patient, it was not considered a postoperative complication in that individual.

Statistical analysis

Univariate statistical analysis was performed using chi-square or Fisher’s exact tests to 

compare the UTI PATOS and no UTI PATOS groups with regard to patient demographics, 

comorbidities, and postoperative complication rates. Multivariate analysis was then 

performed using multiple logistic regression with no UTI PATOS as the reference category. 

Explanatory variables of interest for the multivariate model included patient demographics, 

comorbid conditions, procedure class, and presence or absence of UTI PATOS. Any 

preoperative variable found to be significantly associated with an outcome on univariate 

analysis at a significance level of 0.05 was included as a covariate in the multivariate 

models. Finally, two sensitivity analyses were undertaken in which the multivariate 

regression models were performed first excluding patients with a preoperative wound 

infection and subsequently excluding patients who received a preoperative blood 

transfusion. P < 0.05 was considered statistically significant for all analyses.

Results

A total of 434,802 patients were identified for inclusion in the study before matching. Of 

these patients, the overall rate of UTI at the time of surgery was 0.1% (n = 363). After 

matching cases with controls 1:2, there were 353 patients with UTI and 706 without UTI 

(Fig. 1). Table 3 summarizes and compares the baseline characteristics of the two cohorts. 

The two groups were similar with regard to age, BMI, and ASA class. There were more 

women and higher frequency of dependent functional status in the UTI group. Not 

surprisingly, the patients with UTI PATOS also had a higher incidence of other comorbid 

conditions, such as congestive heart failure (1.7% versus 0.6%, P = 0.093), wound infection 

(10.8% versus 3.4%, P ≤ 0.001), weight loss >10% (6.5% versus 2.8%, P = 0.004), and 

receipt of preoperative transfusion (2.0% versus 0.6%, P = 0.032; Table 3).

On univariate analysis, we found that patients with a UTI PATOS had a higher rate of any 

postoperative complication compared with controls (19.3% versus 11.9%, P = 0.001; Fig. 2). 

When the outcome measure was categorized by type of complication, preoperative UTI was 

associated with a significantly higher rate of both infectious complications (14.2% versus 
9.1%, P = 0.012) and noninfectious complications (9.9% versus 5.2%, P = 0.004) when 

compared with those without UTI (Fig. 2). Finally, comparison of individual complications 

demonstrated that the proportion of patients with each postoperative complication was 

higher in the UTI PATOS cohort with the exception of cardiac arrest requiring CPR, which 

was equally incident between the two groups (Table 4). Specifically, the difference in 

complication rates between the two groups was most dramatic for respiratory complications, 

including unplanned intubation (3.4% versus 1.0%, P = 0.005) and on ventilator >48 h 

(3.4% versus 1.3%, P = 0.019; Table 4).

Multivariate analysis controlling for baseline differences between the two groups confirmed 

a greater risk of postoperative complications in patients with UTI PATOS. We found that 

patients with UTI had over 50% increased risk of any postoperative complication compared 
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with those without preoperative UTI (odds ratio [OR] 1.551, 95% confidence interval [CI] 

1.071–2.247). This observed relationship again held true for both infectious complications 

(OR 1.515, 95% CI 1.000–2.296) and noninfectious complications (OR 1.683, 95% CI 

1.012–2.799; Table 5). Other significant predictors of postoperative complications in the 

multivariate analysis were receipt of preoperative blood transfusion and inpatient case 

classification.

The sensitivity analysis excluding patients with preoperative wound infection did not 

significantly change the association between UTI PATOS and each of the three primary 

outcomes (any complication OR 1.561, 95% CI 1.062–2.293; infectious complication OR 

1.465, 95% CI 0.954–2.251; and noninfectious complication OR 1.698, 95% CI 1.000–

2.882). Similarly, exclusion of patients receiving preoperative blood transfusion also did not 

alter the results (any complication OR 1.542, 95% CI 1.061–2.243; infectious complication 

OR 1.558, 95% CI 1.024–2.370; and noninfectious complication OR 1.617, 95% CI 0.966–

2.706).

Discussion

In this study, we have demonstrated that patients undergoing elective, general surgery 

procedures who have an unrecognized or incompletely treated UTI at the time of surgery 

have increased rates of postoperative complications compared with those without a 

preoperative UTI. Importantly, this increased risk of postoperative complications is observed 

for both infectious and noninfectious complications. To our knowledge, this relationship has 

not been clearly demonstrated previously. Although it is evident that preoperative UTI is 

associated with many other markers of worse postoperative outcomes, UTI itself appears to 

be an independent predictor of postoperative complications in this analysis.

Our finding of increased postoperative complications in patients with UTI PATOS is 

consistent with those of previous studies and case reports that have highlighted the 

possibility of hematogenous spread and distant seeding of bacteria from the urinary tract. 

D’Ambrosia et al.12 have reported three fatal cases of postoperative infections with an 

identified hematogenous source. Similarly, Stinchfield et al.16 described hematogenous 

spread of bacteria responsible for infection in nine patients. Specific to the urinary tract, 

multiple authors have reported cases of hematogenous spread with evidence of the urinary 

tract as the source of infection.10,11,13

In evaluating the consequences of UTI after colorectal surgery, Sheka et al.3 studied 47,781 

colorectal surgery patients in the NSQIP database and found that postoperative UTI 

negatively impacts patient outcomes and is associated with increased incidence of other 

complications. Specifically, they found that over half of patients with postoperative UTI 

developed at least one additional complication.3 Our findings suggest that preoperative UTI 

is associated with similarly poor outcomes, with nearly 20% of the UTI PATOS group 

experiencing at least one complication after elective general surgery. The higher incidence of 

complications observed by Sheka et al. is likely related to their study population, composed 

entirely of patients undergoing colorectal surgery, a population known to have higher 

average complication rates compared with other general surgery procedures.3,17
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Although we have shown that preoperative UTI is an independent predictor of both 

infectious and noninfectious postoperative complications, whether asymptomatic bacteriuria 

would similarly increase risk of postoperative complications remains an area of controversy. 

Currently, screening and subsequent treatment of asymptomatic bacteriuria is only 

recommended in pregnant women, and those undergoing invasive genitourinary procedures 

where treatment has been shown to improve outcomes and decrease complications.18 Aside 

from these populations, it has been reported that treatment of asymptomatic bacteriuria 

provides no measurable improvement in morbidity and mortality, promotes higher rates of 

antibiotic resistant pathogens and secondary infections, and can even paradoxically increase 

rates of postoperative UTI and wound infections compared with untreated asymptomatic 

bacteriuria.19–22 Although the definition used by NSQIP to identify UTI PATOS is likely 

capturing predominantly patients who were symptomatic, it may also include asymptomatic 

patients who had other evidence of UTI. In addition, the UTI PATOS group in our study 

included patients in whom treatment may have been started preoperatively but complete 

resolution of UTI had not been achieved at the time of surgery. Therefore, it remains unclear 

from these data if a complete course of antimicrobials is necessary to mitigate the risks 

associated with active urinary infection. Prospective studies could help clarify issues such as 

timing of treatment in relation to surgery, duration of treatment, and extent to which these 

interventions can improve outcomes.

Although we have demonstrated a significantly increased risk of postoperative complications 

in the setting of preoperative UTI, our study has several major limitations. The primary 

limitation is the retrospective and nonrandomized design. There are clearly substantial 

baseline differences between patients with and without UTI PATOS. To address this issue, 

we selected controls by matching on age, ASA classification, and CPT code and additionally 

performed a multivariate analysis controlling for any variables that significantly differed 

between the two groups on univariate analysis. Although NSQIP provides many 

comorbidities and variables for risk adjustment, there are certainly unmeasured differences 

that remain between the two groups for which we were unable to control. Therefore, 

baseline differences in health and risk for poor outcomes may have been partly responsible 

for our observed increased complication rate in patients with UTI PATOS.

The second major limitation of this study is related to the definition of UTI PATOS. To 

satisfy the NSQIP definition of UTI PATOS, patients must have documented evidence or 

high suspicion of a preoperative UTI in the setting of a postoperative UTI diagnosis. 

Therefore, all patients in the UTI PATOS group, by definition, have already been diagnosed 

with a UTI as a complication. Given known negative consequences of UTI in the 

postoperative setting, this definition makes it difficult to discern to what extent poor 

outcomes are related to the UTI being present specifically at the time of surgery versus 
during the postoperative period. We also did not have specific information on what 

constituted “evidence of a symptomatic UTI” in any given patient. Furthermore, the 

definition of UTI PATOS suggests that patients may or may not have started treatment for 

UTI preoperatively. This significantly limits our ability to determine whether partial 

treatment of a UTI is adequate to mitigate the risk or if surgery should be delayed until 

complete resolution of UTI.
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Finally, we were unable to fully explore the mechanism behind UTI PATOS and increased 

postoperative complications. Specifically, to address whether the urinary tract served as a 

direct source of bacteria for postoperative infections via hematogenous spread, confirmation 

through culture of the etiologic agent at both the urinary tract and source site and potential 

metastatic sites would be needed. Unfortunately, culture data are not available in the NSQIP 

database.

Despite these limitations, we have found a clear association between UTI PATOS and 

increased risk of complications. Future studies will be helpful in understanding how this 

information can be used not only as a marker of worse outcomes but also for risk reduction.

Conclusions

To our knowledge, this is the first study to comprehensively evaluate the impact of UTI 

PATOS on postoperative outcomes in patients undergoing elective general surgery 

procedures. As part of ongoing quality improvement efforts, it is crucial to identify any 

potentially modifiable risk factors for complications. It is clear from our study that UTI 

PATOS is associated with worse postoperative outcomes in general surgery patients. 

Therefore, surgeons should maintain a high index of suspicion and obtain a relevant urinary 

history to identify high-risk patients. Furthermore, surgeons may consider postponing 

elective procedures to allow for the complete resolution of preoperative UTI.
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Fig. 1 –. 
Flow diagram depicting construction of cohorts.
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Fig. 2 –. 
Rates of postoperative morbidity using composite end points in patients with and without 

UTI present at the time of elective general surgery procedures. *P < 0.05.
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Table 3

– Comparison of baseline demographics and comorbidities between the two cohorts.

Characteristic, % (n) UTI PATOS (n = 353) No UTI PATOS (n = 706) P value

Female 73.1 (258) 73.1 (258) <0.001

Race 0.382

 White 80.2 (283) 76.8 (542)

 Black and/or African American 9.9 (35) 10.3 (73)

 Other 3.4 (12) 3.3 (23)

 Unknown 6.5 (23) 9.6 (68)

Age, y 0.988

 <40 10.8 (38) 10.2 (72)

 41–55 15.6 (55) 16.1 (114)

 56–70 34.6 (122) 34.8 (246)

 70+ 39.1 (138) 38.8 (274)

BMI 0.291

 Nonobese (BMI < 30) 53.6 (187) 57.0 (398)

 Obese (BMI _ 30) 46.4 (162) 43.0 (300)

Outpatient classification 20.4 (72) 29.6 (209) 0.001

Diabetes 0.275

 Noninsulin dependent 13.9 (49) 12.5 (88)

 Insulin dependent 10.5 (37) 7.9 (56)

Smoker 20.7 (73) 17.0 (120) 0.143

Dyspnea 7.4 (26) 8.5 (60) 0.525

Dependent functional status 10.5 (37) 3.4 (24) <0.001

ASA classification 0.999

 I 2.8 (10) 2.8 (20)

 II 33.1 (117) 33.1 (234)

 III 53.3 (188) 53.5 (378)

 IV 10.8 (38) 10.5 (74)

Chronic obstructive pulmonary disease 5.4 (19) 5.7 (40) 0.850

Ascites 0.3 (1) 0.3 (2) 1.000*

Congestive heart failure 1.7 (6) 0.6 (4) 0.093*

Hypertension 55.0 (194) 56.5 (399) 0.630

Acute renal failure 0.6 (2) 0.3 (2) 0.604*

Dialysis-dependent 0.8 (3) 2.0 (14) 0.167

Disseminated cancer 5.7 (20) 5.2 (37) 0.773

Wound infection 10.8 (38) 3.4 (24) <0.001

Steroid use 7.9 (28) 5.9 (42) 0.221

Weight loss 6.5 (23) 2.8 (20) 0.004

Bleeding disorder 5.9 (21) 4.4 (31) 0.269

Transfusion 2.0 (7) 0.6 (4) 0.032

CPT code groupings 1.000
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Characteristic, % (n) UTI PATOS (n = 353) No UTI PATOS (n = 706) P value

 Skin/soft tissue/breast/ thyroid/parathyroid 11.6 (41) 11.6 (82)

 Major vascular and lower extremity amputation 2.0 (7) 2.0 (14)

 Major thoracic surgery 1.1 (4) 1.1 (8)

 Major noncolorectal intra-abdominal surgery 31.7 (112) 31.7 (224)

 Colorectal surgery 36.5 (129) 36.5 (129)

 Urologic 2.8 (10) 2.8 (10)

 Inguinal or ventral hernia 14.2 (50) 14.2 (50)

*
Fisher’s exact P value.
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