1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
HPB (Oxford). Author manuscript; available in PMC 2020 February 01.

-, HHS Public Access
«

Published in final edited form as:
HPB (Oxford). 2019 February ; 21(2): 181-186. doi:10.1016/j.hpb.2018.07.001.

A perioperative multidisciplinary care bundle reduces surgical
site infections in patients undergoing synchronous colorectal
and liver resection

Lauren S. Tufts, Emma D. Jarnagin, Jessica R. Flynn, Mithat Gonen, Jose G. Guillem, Philip
B. Paty, Garrett M. Nash, J. Joshua Smith, Iris H. Wei, Emmanouil Pappou, Michael I.
D’Angelica, Peter J. Allen, T. Peter Kingham, Vinod P. Balachandran, Jeffrey A. Drebin,
Julio Garcia-Aguilar, William R. Jarnagin, and Martin R. Weiser

Department of Surgery, Memorial Sloan Kettering Cancer Center, New York

Abstract

Background.—Surgical site infections (SSIs) are a major cause of morbidity, mortality, and
healthcare costs, and patients undergoing simultaneous colorectal/liver resections are at an
especially high SSI risk.

Methods.—Data were collected on all patients undergoing synchronous colorectal/liver resection
from 2011 to 2016 (n=424). The intervention, implemented in 2013, included 13 multidisciplinary
perioperative components. The primary endpoints were superficial/deep and organ space SSIs.
Secondary endpoints were hospital length of stay (LOS) and 30-day readmission rate. To control
for changes in SSI rates independent of the intervention, interrupted time series analysis was
conducted.

Results.—Overall, superficial/deep, and organ space SSls decreased by 60.5% (p<0.001), 80.6%
(p<0.001), and 47.6% (p<0.008), respectively. In the pre-intervention cohort (n=231), there were
79 (34.2%), 31 (13.4%), and 48 (20.8%) total, superficial/deep, and organs space SSIs,
respectively. In the post-intervention cohort (n=193), there were 26 (13.5%), 5 (2.6%), and 21
(10.9%) total, superficial/deep, and organs space SSls, respectively. Median LOS decreased from 9
to 8 days (p<0.001). Readmission rates did not change (p=0.6). Interrupted time series analysis
found no significant trends in SSI rate within the pre-intervention (p=0.35) and post-intervention
(p=0.55) periods.

Discussion.—In combined colorectal/liver resection patients, implementation of a
multidisciplinary care bundle was associated with a 61% reduction in SSls, with the greatest
impact on superficial/deep SSI, and modest reduction in LOS. The absence of trends within each
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time period indicated that the intervention was likely responsible for SSI reduction. Future efforts
should target further reduction in organ space SSI.

Introduction

Methods

Surgical site infection (SSI) is the most common type of healthcare-associated infection,
occurring at a rate of more than 150,000 cases per year 12, They are a major cause of
morbidity and mortality, leading to prolonged hospitalization 2-4, increased rates of
readmission 3 5, additional invasive procedures , and reduced survival 78, SSls are also a
considerable cause of increased healthcare costs2. High rates of SSI are associated with
colorectal surgery 1 7, which has been the subject of many performance improvement efforts
9-10 To reduce rates of SSI, a perioperative care bundle was implemented in 2013.

Internal review at Memorial Sloan Kettering Cancer Center (MSK) identified combined
colorectal/liver resection as among the operations associated with the highest rates of SSI.
This approach, used to eliminate both colorectal cancer and metastases to the liver (found at
diagnosis in15% of patients 11-12), is favored over metachronous resection by many centers
because it limits exposure to general anesthesia, shortens total hospital length of stay, and
reduces overall complications 13-14,

The aim of this study was to evaluate the effects of the SSI reduction intervention in an
expanded and consecutive series of patients undergoing combined colorectal/liver resection.

All patients undergoing synchronous intestinal and liver resection at MSK from January 1,
2011, to December 31, 2016, were identified from a prospective database and included in
this study. Superficial (skin and subcutaneous space), deep (fascia and muscle), and organ
space SSI within 30 days of surgery were defined according to CDC guidelines 1°. SSI data
were collected by review of a prospective complication database, as well as review of
inpatient and outpatient electronic medical records. SSI was categorized either as superficial/
deep or organ space. Demographic, surgical, and pathology information was collected,
including method of wound closure (primary or modified closure). Modified wound closure
method included temporary packing of a portion of the closed incision, placing
subcutaneous drains, or applying negative pressure surface vacuum dressings over closed
incisions.

The intervention, implemented on November 1, 2013, consisted of a multidisciplinary
bundle of 13 perioperative components (Table 1), one of which was a preoperative estimate
of SSI risk based on an MSK SSI calculator. The bundle was developed following literature
review and discussion by representatives from the Departments of Surgery, Medicine,
Anesthesia, Nursing, Infection Control, Administration, and Quality and Safety (Table S1).
Components were chosen if there were high levels of supporting evidence or if they were
considered reasonable, associated with minimal risk, and potentially beneficial. They
include measures advised by the Joint Commission’s Surgical Care Improvement Project
(SCIP) related to perioperative use of antibiotics, maintenance of normothermia, and
appropriate method of hair removal at the surgical site,X® which were advised prior to 2013.
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Other components include consultation for elevated hemoglobin A1C, mechanical bowel
preparation with oral antibiotics including 500 mg metronidazole (Flagyl) and 1000 mg
neomycin at 7 pm and 10 pm the night prior to surgery, preoperative 4% chlorhexidine
shower the night before and morning of surgery, timely intraoperative re-dosing of
antibiotics, use of clean instruments for incision closure (closing tray), and a shower on
postoperative day 2. A novel intervention was to provide surgeons an estimated SSI risk
prior to surgery. SSI risk was estimated using an internally developed SSI risk calculator as
previously described 17 and electronically delivered the day prior to surgery. Surgeons
utilized this estimate at their own discretion in selecting the method of wound closure.

The primary endpoints were overall, superficial/deep, and organ space SSI. Secondary
endpoints were hospital length of stay (LOS) and 30-day readmission rate. Statistical
analysis was performed using R statistical software (version 3.4.2). Continuous variables
were analyzed by Wilcoxon rank sum test and categorical variables by Fisher’s exact test. To
control for the possibility that differences in SSI rates between the pre- and post-intervention
cohorts were the result of ongoing trends over time rather than implementation of the care
bundle, we conducted an interrupted time series analysis, after placing patients into
quintiles, using a linear time trend in a logistic regression model, separately for the pre- and
post-intervention time periods 8.

A total of 424 consecutively treated patients were identified and classified as preintervention
or post-intervention according to surgery date relative to care bundle rollout on November 1,
2013. Clinicopathologic characteristics of the overall, pre-intervention (n=231), and post-
intervention (n=193) cohorts are shown in Table 2. The pre- and post-intervention cohorts
were similar in regard to age, sex, body mass index, presence of diabetes, American Society
of Anesthesiologists classification, wound classification, operation duration, type of
intestinal procedure, extent of liver resection, and EBL.

The two cohorts differed in terms of a few demographic, clinical, and surgical
characteristics. Though the median Charlson comorbidity index (CCI) was the same between
the two cohorts, the range limits were lower in the post-intervention cohort. The post-
intervention cohort also had fewer smokers and a higher rate of laparoscopic procedures.
Lastly, modified wound closure was performed in a higher percentage of patients in the post-
intervention cohort. In the post-intervention cohort, 115 (59.6%) incisions were treated with
primary closure, 64 (33.2%) were closed with a surface vacuum dressing, 8 (4.2%) were
closed with subcutaneous drains, and 6 (3.1%) were packed open.

The results for the primary and secondary endpoints are outlined in Table 3. The overall SSI
rate decreased by 60.5% (34.2% vs. 13.5%, p<0.001) after implementation of the
perioperative bundle. Analyzing by type of infection, superficial/deep SSls decreased by
80.6% (13.4% v. 2.6%, p<0.001), and organ space SSlIs decreased by 47.6% (20.8% v.
10.9%, p<0.008) after implementation. In the pre-intervention cohort, there were 43 patients
with organ space infection, 8 of whom showed signs of sepsis. Of the 43 patients, 38 had
percutaneous drains placed by interventional radiology and 3 required reoperation. In the
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post-intervention group, there were 15 patients with organ space infection, 4 of whom
showed signs of sepsis. Of the 15 patients, 12 had percutaneous drains placed by
interventional radiology and 2 required reoperation.

We have also examined whether there were time trends within the pre- and postintervention
cohorts that might explain the observed differences in SSI rates, using interrupted time series
analysis. The analysis revealed no significant time trends in SSI rates during the pre-
intervention (OR=1, 95% confidence interval (0.99-1), p=0.35) or post-intervention (OR=1,
95% confidence interval (0.99-1.01), p=0.55) period, indicating that the differences between
the pre- and post-intervention cohorts cannot be explained by time trends extraneous to the
intervention (Figure 1).

The median hospital LOS decreased by 1 day in the post-intervention cohort, without
change in 30-day readmission. from 9 days (interquartile range [IQR] 4-60) in the pre-
intervention cohort to 8 days (IQR 4-48) post-intervention (p<0.001). There was no
significant change in 30-day readmission rates (18.6% v. 20.7%, p=0.60).

Discussion

In this study, we show that a 13-component perioperative care bundle developed at MSK
was associated with a reduced rate of SSI for combined colorectal and liver resection by
61%, including 81% and 48% reductions in superficial/deep and organ space SSI,
respectively. These reductions are especially significant given the frequency of SSI
following colorectal and hepatic surgeries, which have both been the subject of previous SSI
reduction programs 9-10.19-20 e are confident that the intervention was responsible for the
change in SSI rates, as an interrupted time series analysis found no significant trends in SSI
rates pre- and post-intervention.

Although compliance with bundle components could not be reliably measured in this
retrospective study of patients undergoing combined resection, it was likely similar to that
found by a prospective SSI reduction study conducted at MSK, in which compliance rates
exceeded 85%.17 That analysis, which included all colorectal cancer patients reported to the
Hospital-Acquired Infection Reporting Program of the state of New York, covered an
overlapping period.

Other SSI reduction projects have similarly reported a smaller reduction in organ space SSI
compared to superficial/deep SSI, which suggests differing etiologies. A meta-analysis by
Zywot et al. tracked SSI outcomes both pre- and post-bundle implementation in 7,304
colorectal surgery patients in 11 studies, and found that superficial SSI decreased by 44%
(p<0.001), while organ space SSI decreased 34% (p=0.048) 10. Organ space SSl is likely
related to anastomotic dehiscence and/or infection of post-hepatectomy ascites, which may
not be fully addressed with current SSI reduction interventions 10: 21,

The care bundle was associated with a small decrease in hospital LOS, but did not affect 30-
day readmission rate. LOS decreased from 9 days to 8 days, similar to previous reports on
SSl-reducing interventions in hepatic 19 and colorectal 22-26 surgery. However, a
confounding factor in many of these studies as well as our own is concurrent implementation
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of enhanced recovery pathways that also decrease hospital LOS. The lack of change in 30-
day readmission rates was somewhat surprising; however, this is consistent with other
studies 19 24-25 and likely is due to infections being identified during the index admission or
during the follow-up period and being adequately dealt with by visiting nursing services. In
addition, readmission following combined colorectal and liver resection is multifactorial and
only partially related to SSI.

Since our study design lacked randomization, it is important to rule out the possibility that
the observed differences can be explained either by changes in the distribution of factors
from the pre-intervention period to the post-intervention period or by exogenous time trends.
We found that only a few factors (history of smoking, CCI, laparoscopy, and modified
wound closure) differed significantly between the two cohorts (Table 2), and an interrupted
time series analysis (Figure 1) revealed no discernible time trend in either of the cohorts that
could point to an extraneous decrease in SSI rates independent of the intervention. We
therefore conclude that the intervention was responsible for the reduction in SSls.

Differences between the pre- and post-intervention cohorts included modified wound closure
rates, smoking history (47.2% v. 36.3%, p=0.03), CCI scores (median 10, range 4-17 v. 10,
3-15, p=0.009), and rate of laparoscopic procedures (2.6% v. 7.3%, p=0.036). Wound
closure method, which was left to surgeon discretion, may have been influenced by one of
the interventions, electronically providing surgeons an estimated risk of SSI the day prior to
surgery. Indeed, modified closure was more common in the post-intervention cohort (40.4%)
compared to the pre-intervention cohort (9.1%, p<0.001). The most frequent modified
closure method was negative pressure surface vacuum dressing, which has been reported to
reduce SSI 27. Although a recent study did not show benefit, possibly because dressings
remained in place for a shorter period and only patients at high risk for SSIs were included
28 3 meta-analysis of 10 randomized controlled trials concluded that negative pressure

wound therapy was effective at decreasing SSI compared to standard postoperative practices
29

The other differences between cohorts are unlikely to account for the change in SSI rates
following the intervention. Smoking, which was less prevalent in the post-bundle cohort, has
previously been associated with increased SSI risk 21 30, However, the difference in self-
reported tobacco use (which tends to be under-reported) appeared too small to affect SSI
rates. CClI scores, a marker of baseline comorbid severity, only differed in terms of range;
the median CCI score was the same in both patient cohorts. Finally, though laparoscopy has
been clearly shown to reduce SSI 31-34 and there were more minimally invasive procedures
in the post-intervention cohort compared to pre-intervention (7.3% versus 2.6%,
respectively), the proportions were small. Subgroup analysis based on smoking history and
wound closure confirmed the post-intervention reduction in SSls (data not shown). Further
statistical investigations to identify independent risk factors of SSI using multivariable
modeling and propensity score analysis were not feasible due to the small number of SSls in
the post-intervention cohort.

There are limitations to our study. First, we grouped superficial and deep SSls into a single
category because they probably have similar etiologies and are grouped together in our
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institutional complication database. Second, although MSK is a high-volume tertiary referral
cancer, the findings of this single institution study may not be readily applicable to all
hospital systems. Lastly, as all components of the bundle were implemented together, it is
not possible to measure the relative impact on SSI reduction.

In conclusion, implementation of a multidisciplinary SSI reduction program was associated
with a dramatic reduction in SSls following synchronous colorectal and liver resection, a
procedure associated with particularly high risk of these complications. Specifically, our 13-
point intervention was associated with a reduction in SSls by over 60%, with the greatest
reductions in superficial/deep SSls. Future interventions should be directed toward reducing
organ space infections.
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Figure 1.
Interrupted time series analysis of SSI rates with overlying logistic regression curves for the

pre-intervention (OR=1, 95% confidence interval (0.99 — 1), p=0.35) and post-intervention
(OR=1, 95% confidence interval (0.99 — 1.01), p=0.55) time periods.
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Table 1.

Components of the perioperative bundle.

Preoperative * Appropriate oral antibiotic selection
* Appropriate oral antibiotic administration the night before surgery
» Mechanical bowel preparation
» Medical evaluation for elevated hemoglobin A1C

« Skin cleansing with chlorhexidine the night before and the morning of surgerya
« Surgeon notification of SSI risk using MSK SSI prediction tool

Intraoperative Antibiotic administration before initial incisionb

« Appropriate method of hair removal (electronic clippers or no hair removal)
* Maintenance of normothermia

* Intraoperative antibiotic re-dosing

« Separate surgical closing tray for open procedures

Postoperative  « Discontinuation of antibiotics at 24 h

« Patient shower on postoperative day 2

aPatients were given a 4-0z (118-mL) bottle of 4% chlorhexidine gluconate (Hibiclens) during preoperative teaching and instructed to use it during
a shower the night before and the morning of surgery. Written instructions were as follows. “To use Hibiclens, open the bottle and pour some
solution into your hand or a washcloth. Move away from the shower stream to avoid rinsing off the Hibiclens too soon. Rub it gently over your
body from your neck to your waist and rinse. Don’t let the solution get into your eyes, ears, mouth, or genital area. Don’t use any other soap. Dry
yourself off with a clean towel after your shower.”

Preoperative intravenous antibiotics included 2 gm cefotetan, re-dosed every 6 h intraoperatively. Patients with penicillin allergy received
clindamycin and gentamicin.
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Table 2.
Characteristics of the study population.

Characteristic All patients n =424  Pre-intervention n =231  Post-interventionn =193  p value
Age, years 56 (21, 87) 56 (21, 87) 55 (28, 85) 0.658
Female gender 205 (48.3%) 107 (46.3%) 98 (50.8%) 0.381
BMI 27.03 (16.3, 50.04 27.03 (16.3, 50.04) 27.05 (16.3, 48.1) 0.742
History of smoking 179 (42.2%) 109 (47.2%) 70 (36.3%) 0.03
History of diabetes 39 (9.2%) 17 (7.4%) 22 (11.4%) 0.178
CCl 10 (3, 17) 10 (4, 17) 10 (3, 15) 0.009

ASA classification 0.356

1 3(0.7%) 2 (0.9%) 1 (0.5%)

2 138 (32.5%) 83 (35.9%) 55 (28.5%)

3 276 (65.1%) 143 (61.9%) 133 (68.9%)

4 7 (1.7%) 3(1.3%) 4(2.1%)
Wound classification 0.512

cc 368 (86.8%) 203 (87.9%) 165 (85.5%)

co 55 (13%) 27 (11.7%) 28 (14.5%)

Dirty 1(0.2%) 1 (0.4%) 0 (0%)
Operation duration, hours 5.01(1.27,13.4) 5.05(1.27, 13.4) 497 (1.3,12.15) 0.654
Hospital LOS, days 9 (4, 60) 9 (4, 60) 8 (4, 48) <.001
Laparoscopy 20 (4.7%) 6 (2.6%) 14 (7.3%) 0.036
Stoma creation 68 (16%) 39 (16.9%) 29 (15%) 0.69
Modified wound closure 99 (23.3%) 21 (9.1%) 78 (40.4%) <.001
Intestinal procedure 0.454

Rectum 164 (38.7%) 94 (40.7%) 70 (36.2%)

Colon 237 (55.9%) 123 (53.2%) 114 (59.1%)

Ostomy closure 23 (5.4%) 14 (6.1%) 9 (4.7%)
Major liver resection 88 (20.8%) 50 (21.6%) 38 (19.7%) 0.633
EBL 350 (25, 5000) 400mL (25, 3,450) 350mL (25, 5,000) 0.050

Continuous variables are presented as median (range), and categorical variables as n (%). BMI, body mass index; CCI, Charlson comorbidity index;
ASA, American Society of Anesthesiologists; CC, clean-contaminated; CO, contaminated; LOS, length of stay; LAR, low abdominal resection;
APR, abdominoperineal resection. EBL, estimated blood loss.
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Table 3.

Summary of primary and secondary study endpoints.

Pre-Intervention n (%) | Post-Intervention n (%) | Absolute Reduction (95% CI) | p value
Overall SSI 79 (34.2%) 26 (13.5%) 20.7% (12-29) <0.001
Superficial/Deep Infection 31 (13.4%) 5 (2.6%) 10.8% (5-16) <0.001
Organ Space Infection 48 (20.8%) 21 (10.9%) 9.9% (3-13) 0.008
LOS (days, median, range) 9 (4-60) 8 (4-48) 1(0.8-2.2) <0.001
30 day readmission rate 43 (18.6%) 40 (20.7%) 3 (-6-10) 0.62

SSI, surgical site infection; LOS, length of stay; IQR, interquartile range; CI, confidence interval.
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