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Abstract

Background/Purpose—The role of process measures used to predict quality in pediatric 

colorectal surgery enhanced recovery protocols has not been described. The purpose of this study 

was to demonstrate the feasibility of abstracting and monitoring process measures over protocol 

improvement iteration.

Methods—Patients enrolled in the Pediatric Colorectal Enhanced Recovery After Surgery 

pathway at our institution were grouped by stage of implementation. We used a quality 

improvement database to compare multi-stage enhanced recovery process measures and 30-day 

patient outcomes.

Results—We identified 58 surgical patients with 28(48%) cases enrolled in the pathway. 

There was increased use of regional anesthesia techniques in pathway patients (83% versus 

20%, p<0.001). All preoperative process measures clinically improved between early and full 

implementation. Improvements included a dramatic increase in formal preoperative education 

(56% versus 0%, p=0.004) and administration of preoperative medication (p=0.025). Overall, 

12 (21%) patients experienced postoperative complications, which were similarly distributed 

between implementation groups. Readmissions were highest during the early implementation 

phase (40%,p=0.029). Children in the late implementation group experienced fewer complications, 

which clinically correlated with process measure adherence.
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Conclusions—Process measures complement outcome measures in assessing quality and 

effectiveness of a pediatric colorectal recovery protocol. Adherence to processes may reduce 

complications.

Level of evidence: Treatment study, Level III
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1. INTRODUCTION

Enhanced recovery protocols for post-surgical care have led to a dramatic improvement in 

surgical outcomes over the last two decades. In adult patients, where these standardized 

perioperative care programs originated, implementing evidence-based protocols has resulted 

in decreased length of stay without increasing readmissions, decreased postoperative 

complications, faster return of bowel function, decreased provider costs, and decreased 

payer liabilities.[1-4] For pediatric surgical populations, the evidence is limited; however, 

early single-arm trials and physiologic evidence suggest that similar reductions in length of 

stay, faster return of bowel function, and decreased opioid consumption are observed.[5-9]

Although early studies evaluating enhanced recovery protocols focused largely on outcome 

measures, there has been more recent attention to measuring adherence to specific processes 

as a correlate to improved outcomes. Multiple high-quality studies in adult populations 

have demonstrated enhanced recovery protocols yield previously reported benefits in 

proportion to adherence with individual bundled components.[10,11] Thus, enhanced 

recovery protocols behave in a manner similar to many quality improvement interventions, 

in that process adherence is critical to achieve improvement in outcomes.[12] Early reports 

of pediatric enhanced recovery implementation have reflected some emphasis on process 

adherence, but their relative importance remains understudied.[13]

Given the known importance of process measures for enhanced recovery protocol 

implementation in other populations and the current innovation in such protocols for 

pediatric surgery, there exists an essential need for further defining specific process 

measures contributing to protocol success in pediatric populations. The purpose of this 

study was to demonstrate the feasibility of monitoring process measures and demonstrate 

their evolution over time during ERAS program iteration using data from our institution’s 

implementation of an enhanced recovery protocol in pediatric colorectal surgery.

2. MATERIALS AND METHODS

2.1 Study Population

This study was granted expedited review by the Johns Hopkins Medicine Institutional 

Review Board (IRB 00088002). We collected data on four groups of children at a single 

United States-based academic children’s hospital. First, we identified all children enrolled 

in the Pediatric Colorectal Enhanced Recovery After Surgery (ERAS) pathway from the 
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program’s inception on January 15, 2016 to November 30, 2017. Care components and 

quality measures were introduced in a staged fashion based on team resource availability 

and scheduling (e.g., staffing acute pain team; in-service for advanced practice providers; 

quality improvement database construction) over six months. Thus, cases prior to August 

1, 2016 (“early implementation” stage) were retrospectively added to a newly designed 

prospective quality measures database. The remaining (“full implementation” stage) cases 

were added prospectively within 30 days of surgery. Then, as a baseline comparison 

group, we also identified gastrointestinal tract surgeries performed by the same group of 

eight pediatric surgeons from January 1, 2014 to November 30, 2015 in our institution’s 

American College of Surgeons National Surgical Quality Improvement Program (NSQIP) 

Pediatric database. Finally, we identified NSQIP Pediatric cases performed by the same 

group after ERAS pathway implementation but not formally enrolled in the pathway as a 

post-implementation control group. These non-enrolled patients resulted from patients being 

scheduled for surgery in a clinic not yet having the personnel to enroll for ERAS but still 

staffed by the same group of eight surgeons. Controls were matched to enrolled patients by 

age (+/− 5 years) and gender.

2.2. Johns Hopkins Pediatric Colorectal Enhanced Recovery After Surgery Pathway

Our institutional pediatric colorectal ERAS pathway has been previously described and 

was originally based on the institution’s successful adult colorectal ERAS pathway.[5,14] 

Relevant features of the pathway design included the multidisciplinary team that developed 

the original standardized care processes, process measures (see Appendix), and monitored 

outcomes.[15] The lack of prior process measure reporting in pediatric enhanced recovery 

protocols led to a design process that was intentionally iterative and allowed to continue 

beyond initial implementation. Important modifications to the original pathway protocol 

since its implementation included: 1) a broadening in the age of patients to include any 

patient greater than 2 years of age; and 2) a broadening of the anatomic eligibility to include 

any surgical intervention that incises any gastrointestinal lumen distal to the ligament of 

Treitz to the anus.

2.3 Data Collection

Data collection was performed in stages with the implementation of a prospective quality 

monitoring database. Upon enrollment in the Pediatric Colorectal ERAS pathway during 

the patient’s preoperative surgical clinic visit, we entered each patient into the database 

recording preoperative risk factors, comorbidities, and demographic information. Patients 

were followed prospectively. Documentation of process measure compliance was performed 

as part of the standard ERAS pathway workflow using preformatted medical record notes 

in the preoperative and postoperative periods and checklist-based paper documentation 

on the day of surgery; both practices were consistent with the usual workflow in our 

institution. At 30 days following surgery, the database record was updated with chart review 

of these prospectively designed data collection instruments to record individual process 

measure adherence. Chart review was also performed of all in-person and phone-based 

medical record encounters to ascertain index admission lengths of stay, readmissions, and 

30-day postoperative complications. Complications were reported in a manner consistent 

with definitions used by the NSQIP Pediatric program.[16]
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For the comparison groups, preoperative risk factors, comorbidities, and clinical outcomes 

were obtained via chart review and our internal NSQIP Pediatric database. Differences 

between data sources were reconciled through review and discussion with three authors 

(I.L., M.L., and E.J.).

2.4 Statistical Analysis

Analyses were performed using Stata® 15.1 IC (College Station, TX). The primary unit of 

analysis was the aggregate process measure performance of the program with patient clinical 

outcomes reported as a secondary outcome measure. Bivariate analysis of preoperative 

risk factors, comorbidities, and outcomes was performed between the four patient groups 

of interest described above using χ2 and Wilcoxon rank-sum tests as appropriate. Select 

process measures were compared in a similar fashion based on those found to be clinically 

most relevant to current adherence priorities for effective clinical care (reviewed by I.L., 

M.L., and E.J.). Although this study was not powered to address the relationship between 

outcomes and process measure adherence, we also performed a univariate pre-planned 

exploratory analysis comparing outcomes to specific process measures of interest. A 

simple logistic regression was performed of outcomes by adherence proportion to 6 pre-

selected process measures that the quality improvement team felt most closely aligned with 

ERAS goals (enrollment prior to day of surgery, provided ERAS manual, antibiotic bowel 

prep, postoperative ketorolac, postoperative acetaminophen, and early diet advancement). 

For interpretation of this exploratory analysis, clinical significance was favored over 

statistical significance and multivariable methods due to the small sample size and early 

implementation assessment.

3. RESULTS

We reviewed 30 cases prior to introduction of our institution’s Pediatric ERAS pathway 

versus 10 cases during an early implementation phase, 18 cases during a full implementation 

phase, and 8 matched non-enrolled control patients. When comparing differences in 

population characteristics across implementation stages (Table 1), there was an increased 

used of regional anesthesia techniques (e.g., epidural and transverse abdominis plane block) 

in the ERAS groups (83% versus 20%, p < 0.001). More patients underwent surgery for 

functional or anatomic indications in the pre-implementation group (57%) while Crohn’s 

disease was more common in the ERAS implementation stages (50%). In the early 

implementation stage, there were less patients on immunosuppressive agents at the time 

of surgery than in the full implementation stage (20% versus 67%, p = 0.029).

All preoperative process measures clinically improved between the early and full 

implementation period (Figure 1A). Introduction of an ERAS educational manual led 

to a marked increase in documented education (56% versus 0%, p = 0.004). In the 

perioperative period, we identified a marked improvement in the administration of 

preoperative gabapentin, acetaminophen, and biscacodyl (Figure 1B, p = 0.002, p = 0.001, 

p = 0.025, respectively). No differences were observed in post-operative process measure 

compliance between the early and late implementation periods (Figure 1C). A complete list 

of current process measures and their rates of adherence are reported in the Appendix.
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We identified complications of surgery in 21% of all cases and readmissions in 18% 

(Table 2). No statistical differences were observed in complications between implementation 

stages. Readmissions were highest during the early implementation phase (40%, p = 0.029). 

Although not statistically significant, a consistent trend of reduced complications correlated 

with process measure adherence; complication rates in patients who met a process measure 

versus those who did not were lower those formally enrolled in ERAS in the electronic 

medical record (13% versus 31%), receiving formalized ERAS education (10% versus 

28%), performing a home antibiotic bowel prep (15% versus 23%), and receiving at least 

one prescribed preoperative medication (9% versus 29%). Using six preselected high-value 

process measures, there was no statistical difference in complications by proportion adherent 

(OR = 0.09, 95%CI: 0.00-4.90, p = 0.240).

4. DISCUSSION

Pediatric colorectal surgery presents a logical target for further expansion of enhanced 

recovery protocols and other bundled interventions. Early reports have supported their 

feasibility and potential for replicating the benefits seen in adult surgical populations.

[5,6,9,13] However, two pediatric-specific barriers impede widespread uptake. First, 

children undergoing colorectal surgery have more variable disease presentation compared 

to adult colorectal patients. The variety of functional and anatomic surgical indications in 

pediatric colorectal surgery does not have an adult surgery comparison group. Second, the 

heterogeneity of patients themselves complicates standardization because the physiologic 

needs of very young children may differ from a teenager with the same diagnosis. 

Thus, efforts to promulgate pediatric-specific enhanced recovery protocols must reconcile 

local, successful adult protocols against the added complexity of pediatric physiology 

and surgical indications. Even when local consensus is achievable, there remain ongoing 

concerns by national experts that pathway heterogeneity remains a concern and evidence 

supporting pathway alternatives is limited. A recently described Delphi-model expert 

panel further demonstrated that while many surgeons, anesthesiologists, and other related 

clinicians converge on many enhanced recovery components, substantial variability in the 

acceptance of each persists. In addition, there remains debate about the appropriateness of 

some components entirely, such as volume restrictions, thromboembolism prophylaxis, and 

epidural use.[17,18]

The current state of enhanced recovery protocol adoption in pediatric colorectal surgery 

converges with adoption and implementation efforts of bundled interventions more broadly. 

The adult enhanced recovery literature emphasizes that these bundles yield benefits in direct 

proportion to adherence. Multiple studies have demonstrated that the improved outcomes 

following enhanced recovery protocol implementation are relative to the proportion of 

enhanced recovery components being utilized.[10,11] Early reports of pediatric enhanced 

recovery implementation have reflected some emphasis on process measures, but their 

relative importance remains understudied. In addition, these early studies have carefully 

selected participating surgeons and patients to assure a degree of uniformity appropriate for 

enrollment in a standardized pathway.[13]
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The purpose of this study was to provide a demonstration of a pediatric colorectal surgery 

enhanced recovery protocol under pragmatic conditions. All colorectal pediatric patients of 

all pediatric surgeons at the institution were included. In addition, outcomes and process 

measure reporting were conducted through quality improvement workflows rather than an 

idealized research protocol infrastructure. Lapses in process measure data collection and 

limited control patients reflect the real-world quality improvement approach we used. This 

approach was purposeful to demonstrate the institutional learning curve of ERAS program 

implementation. Outcomes were also standardized to those of accepted quality reporting 

measures (i.e., NSQIP Pediatric) to allow comparability of these results to future studies.

We demonstrated a successful transition from non-standardized pediatric colorectal surgical 

care to a pediatric colorectal ERAS-guided pathway over a two-year period. By the end 

of the process, the majority of pediatric colorectal surgical patients entering our tertiary 

care institution received care dictated by standardized ERAS principles that have been 

previously described.[5] This experience included a diverse array of patient demographics 

and operative indications for elective colorectal surgery. We identified marked improvements 

in care practices including the increased and widespread use of multimodal analgesia to 

reduce opioid burdens, surgical site infection reduction measures, and increased patient 

education. Although the current series was not powered to demonstrate improvements 

in patient outcomes following use of an enhanced recovery protocol, we demonstrated 

complication rates and lengths of stay consistent with prior published studies.[13] Finally, 

further investigation with large pediatric populations in the future will be important to 

observe for benefits in outcomes and any potential heterogeneity by age, disease type, or 

degree of adherence.

This experience also highlighted the continuous quality improvement aspects of maturing 

dissemination and implementation.[19] The multidisciplinary implementation group as 

well as the entire pediatric surgery care team met on a regular basis to review process 

measure adherence. We used these opportunities to clarify misconceptions of team 

members, introduce new workflows, and highlight observed benefits to further standardized 

care. Implementation was heterogeneous across different process measures and team 

efforts were redeployed as needed. For example, we were much more successful at 

quickly deploying a multimodal analgesia approach to pain management than we were 

to standardizing preoperative prehospital workflows (e.g., prehospital ERAS education, 

prehospital gabapentin loading). The lack of improvement in Figure 1C between early and 

full implementation periods is largely due to the acute pain management components of our 

pediatric ERAS pathway meeting adherence goals nearly immediately. In contrast, it was 

only through the iterative development and implementation of process measures throughout 

the early implementation phase that we clearly identified the deficits in prehospital care 

components.

We also observed a nonsignificant worsening of complications and readmissions in the 

early implementation phase which may also be an indicator of learning curve effects or 

adjustments to existing processes of care. We hypothesize that the lack of comprehensive 

preoperative education (i.e., family education manual) and front-line providers adjusting 

to telephone calls from patients with more recent surgery may have contributed to the 
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increase in readmissions. Similarly, the introduction of formalized preoperative education 

and ongoing front-line provider meetings may have facilitated a better understanding of 

minor, immediate postoperative issues no longer requiring readmission.

These iterative steps align well with best-practices for implementation and dissemination 

efforts.[20,21] Maintaining an adaptive quality ecosystem, selectively emphasizing process 

measures (Appendix A), and reconciling differences in measurement versus differences in 

care has allowed the evolution of our pediatric ERAS program to meet current institutional 

quality goals. The process measures developed in this study were critical for highlighting 

further areas of improvement and mapping institutional learning curve progress. Importantly, 

we view the process measure results reported here as yet one more waypoint on an ongoing 

effort to standardize evidence-based care in pediatric colorectal surgery. We describe this 

evolution over time to highlight the importance of process measures to affirm whether an 

operationalized clinical program is achieving the individual components of care required.

This study had several limitations. By emphasizing implementation stages, consensus-

building, and continuous quality improvement within our institution, methodologic elements 

– such as the enhanced recovery principles explicitly emphasized and those tracked by 

process measures – evolved over time. This variability has been noted above where relevant, 

and we believe these efforts better model a real-world stepwise implementation of bundled 

interventions as their widespread dissemination becomes a priority for current surgical 

practice. Second, although our results are consistent with existing pediatric enhanced 

recovery literature,[5,13] direct comparison is limited by the lack of standardization of 

protocols and methodology. Pediatric surgical enhanced recovery protocol efforts remain 

non-standardized and directly comparing two programs can be difficult. The debate about 

which components of enhanced recovery protocols are fundamental extends well beyond 

pediatric surgery with ample opportunity for subspecialty standardization as further research 

emerges.[7,10] Finally, in addition to the components selected for enhanced recovery 

protocols, how we measure ultimate clinical outcomes remains under-developed. Future 

studies of pediatric populations need to broaden observed outcomes to include patient 

satisfaction, quality of life measures, and other factors acknowledged to benefit from ERAS 

in adult populations.[22]

5. CONCLUSIONS

Pediatric colorectal surgery enhanced recovery protocols continue to evolve. Process 

measures represent an important and necessary element for successfully implementing these 

protocols in real-world pediatric surgical settings. Process measures should be used in 

real-time to indicate underperforming components and provide early warnings for quality 

risks.
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APPENDIX

The following table has been reproduced from quality improvement documents used 

during the implementation of the pediatric ERAS protocol described in the accompanying 

manuscript. For the purposes of demonstrating “real-world” iterative implementation, we 

have intentionally included process measures that are yet to be operationalized (e.g., 

automated postoperative ordersets) and those that are being phased out due to revised 

prescribing protocols (e.g., disuse of basal PCA or ketamine as empiric standard of care). 

These are not provided for generalizable use but to demonstrate how we have used a variety 

of process measures at various points throughout the implementation process. Those process 

measures reported in the manuscript itself reflect those that were actively used by the 

implementation team to assess program success, acknowledge changing provider practices, 

and make protocol changes as necessary.

Table A1.

Adherence by Individual Process Measure Across Stages of Implementation

Early
Implementation

Full
Implementation

PRIOR TO DAY OF SURGERY

Enrolled in ERAS? 30% 67%

Provided ERAS manual? 0% 56%

Provided Gatorade instructions? 0% 56%

Provided mechanical bowel prep instructions? 20% 56%

Provided antibiotic bowel prep instructions? 20% 67%

Provided chlorhexidine washing instructions? 0% 50%

Ingested Gatorade prior to arrival? 0% 28%

Performed mechanical bowel prep over last 24 hours? 30% 67%

Performed antibiotic bowel prep over last 24 hours? 30% 67%

Completed three days of gabapentin preoperatively? 0% 28%

DAY OF SURGERY

Used CHG washcloths as instructed preoperatively? 0% 39%

ERAS pre-op orders written by Surgery? 0% 6%

APS Consult ordered? 100% 94%

Anesthesia ordered pre-op gabapentin? 0% 61%

Anesthesia ordered pre-op acetaminophen? 0% 67%

Anesthesia ordered pre-op bisacodyl? 0% 44%

Preoperative warming? 0% 0%

Medications ordered in preop given prior to OR? 0% 61%

Appropriate abx given less than 60 minutes prior to incision? 100% 100%

Anesthesia placed epidural? 50% 50%

Anesthesia placed TAP or other regional block? 20% 28%

Ketorolac given? 20% 39%

Antiemetics given? 100% 89%

Post-op temperature maintained > 36 degrees C? 100% 94%
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Early
Implementation

Full
Implementation

Checklist placed in ERAS folder? 0% 11%

INPATIENT STAY FOLLOWING SURGERY

APS consulted at end of surgery? 100% 100%

Temperature confirmed greater than 36 C in PACU? 100% 94%

Ketamine infusion on POD1? 50% 44%

Basal PCA running on POD1? 100% 50%

Gabapentin ordered on POD1? 10% 6%

Ketorolac ordered on POD1? 50% 50%

Acetaminophen ordered on POD1 60% 53%

GPS ordered ERAS post-op orderset? 0% 0%

Ambulating POD2? 90% 83%

Diet by POD1 60% 72%

Foley out by POD2 100%

Use of at least two non-narcotic pain adjuncts on POD2? 60% 78%

Chewing gum provided? 0% 0%

Appendix abbreviations:

APS - Acute Pain Service

CHG - chlorhexidine gluconate

PACU - post-anesthesia care unit

PCA - patient controlled analgesia

POD - postoperative day

TAP - transverse abdominis plane

Abbreviations:

ERAS Enhanced Recovery After Surgery

NSQIP National Surgical Quality Improvement Program
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Fig. 1. Process measure adherence by implementation stage for a Pediatric Intestinal Surgery 
Enhanced Recovery after Surgery pathway.
Panel A: preoperative process measures; Panel B: intraoperative process measures; Panel C: 

postoperative process measures.
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