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Abstract

Introduction Little is known about the predictors of

increased ambulatory costs following open ventral and

incisional hernia repair (VIHR); however, postoperative

complications would be expected to be associated with an

increased burden on outpatient resources. The purpose of

this study is to evaluate the impact of perioperative factors

on outpatient resource utilization following VIHR.

Methods With IRB approval, the surgery scheduling sys-

tem was queried to identify all cases of VIHR done at our

institution over 3 years. Cases with other procedures done

at time of VIHR were excluded. National Surgical Quality

Improvement Program clinical data, physician billing data

which included market and payor across cases, and medical

record review data were combined and evaluated in order

to quantify care and predictors of usage during the

6 months postoperatively.

Results Data were analyzed for 308 patients. Median

patient age was 52 years (SD = 13.3), and over half were

female. The number of outpatient visits to the surgical

office varied from 0 to 18 [median = 2; interquartile range

(IQR) = 1–3]. CDC Wound Class[1 was associated with

increase of mean 1.4 visits (IQR: 0.5–2.3); p = 0.003.

Component separation, longer duration of operation, and

increased mesh size were also predictive of increased

number of office visits (p\ 0.01). Postoperative infected

seroma/seroma requiring drainage added a mean 2.3 visits

(IQR: 1.3–3.3), (p\ 0.001); and deep wound infection

added a mean 3.9 visits (IQR: 1.9–5.9) (p\ 0.001).

Conclusions Postoperative complications confer a signifi-

cant burden for patients and to the outpatient surgical

office. In an era in which improved quality and cost-effi-

ciency has become imperative, measures to decrease risk of

postoperative complications particularly for more complex

VIHR would be expected to decrease resource utilization

and increase value of care.

Keywords Outpatient resource utilization � Ventral hernia
repair � Hospital costs � Surgical site infection �
Postoperative complications � Ambulatory costs

Ventral hernia repairs are commonly performed procedures

with an estimated 350,000 done in the U.S. annually [1].

Patient outcomes following open ventral and incisional

hernia repair (VIHR) frequently are calculated in terms of

surgical site infection (SSI) and hernia recurrence. The

outcomes of nearly one-third of patients that undergo

complex ventral hernia repair is thought to be adversely

affected by SSI [2, 3], and SSI is the most common reason

for hospital readmission following all surgical procedures,

including VIHR [4]. The unplanned 30-day readmission

rate following hernia repair surgery is thought to be

between 5 and 10% of all patients. [4, 5].

All complications following ventral hernia repair do not

necessarily require readmission to the hospital. For
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example, a patient may experience an abdominal wall

abscess or postoperative seroma requiring an in-office

incision and drainage which may be managed on an out-

patient basis. These patients, however, may require home

health care nursing services, wound care supplies, addi-

tional outpatient office visits, and may require additional

time off work than would have been required if compli-

cation had not occurred, all of which increase ultimate

health care and societal costs attributed to VIHR.

Surgical site infection diagnosed after hospital discharge

and not associated with hospital readmission is not as well-

defined or as well-documented as SSI diagnosed during the

index surgical hospitalization. Perencevich et al. deter-

mined that SSI identified during the eight-week post-dis-

charge time period following index procedure was

associated with an increased resource utilization, including

increased number of outpatient office visits, emergency

room visits, radiology, and home health care services. [6]

While post-discharge hospital costs, including costs of

emergency room visits and readmissions postoperatively,

specifically associated with ventral hernia repair have been

explored [7], little information is available in recent liter-

ature concerning the ambulatory resource utilization asso-

ciated with VIHR and predictors of increased outpatient

resource utilization.

As part of long-term efforts to improve quality of patient

care in the U.S., the Centers for Medicare and Medicaid

Services (CMS) have embarked on implementation of a

fundamentally changed system for evaluating and paying

for healthcare. The Medicare Access and CHIP Reautho-

rization Act of 2015 provided guidelines for health care

payment based on the quality and effectiveness of care

provided with new reimbursement strategies granting that

physicians will be increasingly paid based on outcomes of

the care provided as opposed to volume of care [8]. In an

effort to improve quality of care of patients undergoing

VIHR, patient outcomes, not only from the index hospi-

talization, but also during the extended time period after

discharge, must be defined. In this study, we are interested

in quantifying the ambulatory resource utilization and

determining the predictors of increased resource utilization

associated with VIHR during the 180-day postoperative

period.

Methods

With Institutional Review Board approval, the surgery

scheduling system at the University of Kentucky, a large

academic medical center with a primarily rural-based

patient population, was queried to identify all cases of open

VIHR (CPT code 49560, 49561, 49565, or 49566) done

over 3 years: October 1, 2011, through September 30,

2014. Cases during which other planned procedures, such

as hysterectomy or cholecystectomy were performed, were

excluded from analysis. National Surgical Quality

Improvement Program (NSQIP) data which included

30-day post-discharge clinical data, physician billing data

which included market and payor across cases, and medical

record review data were combined and evaluated in order

to quantify care and predictors of usage during the

6 months postoperatively. The medical record review

identified postoperative complications documented post-

discharge in the outpatient surgical office notes to augment

the NSQIP data. The medical record review also quantified

number of visits to the outpatient surgical office during the

six-month time period post-discharge.

The primary outcome of postoperative office visits was

compared between binary variables using t tests without

assuming equal variances. Categorical variables were

compared using analysis of variance. Continuous variables

were correlated with visits using Spearman’s rho test for

correlation. Significance was set at p\ 0.05. SPSS statis-

tical software (IBM Corp., Armonk, New York) version 23

was used for all calculations.

Results

Open VIHRs performed between October 1, 2011, through

September 30, 2014, were analyzed; two cases with 30-day

deaths were excluded from the analyses leaving a total of

308 cases for analysis. Across all cases, the number of

outpatient surgical office visits varied from 0 to 18 [me-

dian = 2; interquartile range (IQR) = 1–3] (Fig. 1).

Slightly over half of the study population was female, and

the mean age was 52.1 years ± 13.3 years (Table 1).

Approximately half of the patients had residence in either

Fig. 1 Clinic visits in 6-month postoperative period
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the primary (county in which the University of Kentucky

hospitals are located) or secondary (regional) market.

Significant preoperative predictors of increased number of

postoperative office visits included residence in secondary

market and history of COPD (Table 1).

More than three-fourths of the VIHR cases (83.7%)

were done electively, and 80% were clean cases (Centers

for Disease Control and Prevention Wound Class I). The

median length of hospital stay was 5 days, and half of the

cases were open repair for recurrent hernia. Numerous

operative variables were associated with significantly

increased or decreased number of office visits in the six-

month post-discharge time period (Table 2) Operations

lasting 181 min or longer were associated with a median

2.5 surgical office visits as compared to operations lasting

120 min or less being associated with median of one office

visit (Fig. 2). Patients that had surgery on an outpatient

basis had significantly few postoperative office visits, and

cases that were done on an emergent basis also had fewer

office visits postoperatively. Postoperative complications

were associated with significant increase in number of

office visits during the six-month post-discharge time

period (Table 3).

Discussion

Increasing emphasis is placed on quality of postoperative

patient care to ensure not only surgery effectiveness, but

also efficient resource application. Prevention of

Table 1 Patient demographics and clinical characteristics: associations with number of surgical visits during the 180-day postoperative time

period

Variable Incidence: n (%), median (25th–75th

percentile), or mean ± SD

Mean change in number

of visits (95% CI)

Number of patients 308 308

Age (years) 52.2 ± 13.3 ns

Female 173 (56%) ns

ASA class III–IV vs. I–II 184 (60%) ns

BMI

\30.0 kg/m2 110 (36%) ns

30–39.99 kg/m2 141 (46%) ns

C40 kg/m2 56 (18%) ns

Market

Primary (Fayette County) 60 (20%) ns

Secondary (Bluegrass Region) vs. tertiary 88 (29%) ?.7* (0.1 to 1.3)

Tertiary (further) 160 (52%) ns

Payor

Commercial insurance 101 (33%) ns

Medicare/federal 113 (37%) ns

Medicaid 80 (26%) ns

Patient (uninsured) 14 (4.5%) ns

Uninsured vs. insured 14 (4.5%) -1.0* (-1.8 to -0.1)

Hypertension 172 (56%) ns

Diabetes 58 (19%) ns

Current smoker 92 (30%) ns

Current steroid use 13 (4.2%) ns

Dyspnea 36 (12%) ns

COPD 31 (10%) ?0.9� (-0.3 to 2.1)

Partial dependence 4 (1.3%) ns

Preoperative open wound 7 (2.3%) ns

Bleeding disorder 6 (2.0%) ns

Preop SIRS/sepsis 5 (1.6%) ns

ns not significant
� p\ 0.10; * p\ 0.05; ** p\ 0.01; *** p B 0.001
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postoperative complications following hernia repair, would

be expected to improve patient long-term outcomes and to

reduce costs. SSIs have been shown to increase risk of

hernia recurrence, thereby creating a greater burden on

patients and the healthcare system. [9] While previous

VIHR studies have shown that preoperative factors such as

gender, ASA class, and hypertension increase hospital

costs [7], the current study indicates that the same factors

do not increase resource utilization post-discharge. Instead,

the increased resource utilization in the postoperative time

period appears to be related for the most part to increased

intraoperative complexity and postoperative complications,

particularly SSI.

Sanger et al. showed that major challenges that impact

patients’ ability to manage post-discharge surgical wound

complications following open colorectal and ventral hernia

repair surgeries include required knowledge for wound

monitoring, self-efficacy of wound monitoring, and

accessible communication with providers [10]. The current

study quantifies ambulatory resource utilization, especially

as it relates to postoperative complications associated with

surgical wounds to determine the postoperative financial

impact of VIHRs. Previous studies have monitored post-

discharge SSIs following hernia repairs [11], and estab-

lished preoperative risk stratification systems to determine

SSI risk but have not quantified the clinical impact [12, 13].

Patients with residence in secondary markets had sig-

nificantly more office visits than patients from other mar-

kets, possibly indicating deficient access to care for the

tertiary and primary market patients (Table 1). Addition-

ally, uninsured patients had significantly fewer office visits

compared with insured patients, also indicating possible

lack of access or lack of transportation for these patient

groups. Awareness of patient market and/or payor status

may be necessary in arranging follow up and in patient

education strategies in order to avoid failure to identify

postoperative complications at an early stage or to avoid

complete loss to follow up. If an offsite clinic were

available closer to county of residence or if follow up could

be arranged to occur with a patient’s primary care

Table 2 Intraoperative variables: associations with number of surgical office visits during the 180-day postoperative time period

Incidence: n (%), median (25th–75th percentile) Rho correlation or mean change in visits (95% CI)

Number of patients 308 308

Outpatient 18 (5.9%) -1.0� (-2.1 to 0.1)

Elective case 257 (83.7%) ?0.8* (0.3 to 1.4)

Transferred 24 (7.8%) -1.4*** (-1.9 to -0.8)

Emergent 42 (13.7%) -0.9*** (-1.5 to -0.3)

Wound class[1 61 (19.9%) ?1.4** (0.5 to 2.3)

Superficial wound layer left open 6 (2.0%) ns

Length of hospital stay (days) 5 (3–6) 0.134*

Duration of operation (min) 161 (115–208) 0.317***

Recurrent hernia 153 (49.8%) ns

Separation of components 87 (28.3%) ?1.1*** (0.5 to 1.8)

Removal of infected mesh 14 (4.6%) ns

Number of pieces of mesh 1 (1–1), range 0–4 0.197***

2? pieces of mesh utilized 55 (17.9%) ?0.9* (0.0 to 1.8)

Mesh size (cm2) 516 (288–900) 0.265***

Transfusion within 72 h of surgery 8 (2.6%) ?1.3� (-0.1 to 2.8)

ns not significant
� p\ 0.10; * p\ 0.05; ** p\ 0.01; *** p B 0.001

Fig. 2 Operative duration (minutes) and number of office visits
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physician, given inability to travel to the academic medical

center, patients may be better served. It is possible that

uninsured patients may not return for an increased level of

care postoperatively due to concern of inability to pay.

Perhaps these patients have decreased utilization in gen-

eral, but likely concern of inability to pay was predictive.

Early follow up with the patient’s primary care provider

(PCP) following open thoracic aortic aneurysm repair has

been shown to decrease 30-day hospital readmission rates;

however, early PCP follow up after ventral hernia repair

was not found to reduce readmission rate [14]. The authors

noted that identifying high-risk patients for early PCP

follow up would be the key to avoiding need for read-

mission. The surgical office has an obligation to assure that

patient concerns are addressed and patient phone calls are

managed to assist patients to seek care in a timely manner

and at a location appropriate according to the patients’

postoperative issues. In the current study, CDC Wound

Class greater than I, component separation technique, more

than one piece of mesh implanted, and requirement of

transfusion in the 72 h postoperative time period, all

indicators of increased complexity, were associated with

increased number of office visits. Routine early follow up

in the surgical office, particularly for complex hernia repair

patients would be expected to identify SSI at an early stage

which may prevent emergency room visits or hospital

readmission, both of which have a greater financial impact

on the healthcare system than office visits. With identifi-

cation of the higher risk VIHR patients, it would be

expected that earlier surveillance in the surgical office,

early follow up with PCP and telephone monitoring may

decrease hospital readmissions and severity of wound

complications.

Prevention of postoperative complications would be

expected to result in not only decreased outpatient resource

utilization following VIHR, but also decreased number of

hospital readmissions and potentially lead to reduction in

the overall negative financial impact [15] that has been

associated with VIHR. Enhanced recovery after surgery

(ERAS) protocols are evidence-based quality improvement

pathways of patient care reported to be associated with

improved patient outcomes. Enhanced recovery protocols

for ventral hernia repair have been linked to decreased

length of hospital stay, quicker return of bowel function,

and reduced readmission rates [16]. Standardization of care

during the perioperative time period, such as that occurring

with ERAS protocols, has potential to benefit patients

undergoing VIHR. If complication rates could be reduced,

ultimately the adverse impact on the healthcare system and

patients also could be reduced. Nonetheless, identification

of risk factors for increased outpatient resource utilization

is a necessary step in the process of enhancing the value of

postoperative hernia care.

Limitations impacting this study largely involve

resources needed to adhere to a therapeutic postoperative

management plan. Just over half (52%) of the patients

studied lived in tertiary locations. Therefore, it is con-

ceivable that these patients may have postponed care of

their ventral hernias until they were required to present

with emergent cases and then not return for routine post-

operative care. If the patients had a follow-up appointment

within the 180-day time-frame, this information was

included in the data set. However, not all patients returned

for follow-up appointments, likely for the reasons descri-

bed above such as transportation difficulty or no emergent

needs. A total of 12 patients (3.8%) did not return to our

facility for follow-up visit. For any patient that did not

follow up with surgeon, that information was noted in our

dataset. We do not know for this study if the patients

sought care at an outside facility or if they did not require

postoperative care. Without returning for postoperative

care, if complications occurred, they were not recorded and

these patients, thereby, utilized less resources. Also, 4.5%

of the patients studied were uninsured, which could have

Table 3 Six-month outcomes and the related increase in mean clinic visits

Adverse clinic outcome n (%) of patients Mean change in visits associated

with complication (95% CI)

p value

Any postoperative complication 135 (44.0%) ?1.8*** (1.3–2.3) \0.001

Hernia recurrence 27 (8.8%) ?2.1*** (0.7–3.5) \0.001

Re-repair of hernia during 180 days postoperative time period 10 (3.3%) ns

Any wound complication 71 (23.1%) ?2.3*** (1.5–3.1) \0.001

Cellulitis 29 (9.4%) ?1.2*** (0.3–2.0) 0.006**

Infected seroma/seroma requiring drainage 29 (9.4%) ?2.3*** (1.3–3.3) \0.001

Deep wound infection 22 (7.2%) ?3.9*** (1.9–5.9) \0.001

Superficial wound infection 42 (13.7%) ?1.3*** (0.4–2.1) \0.001

ns not significant

** p\ 0.01; *** p\ 0.001
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also skewed the data towards less resource utilization

despite other preoperative factors.

Conclusions

Postoperative complications following VIHR add a sig-

nificant burden to both patients and the outpatient surgical

office. In an era in which improved quality and cost-effi-

ciency has become imperative, measures to decrease risk of

postoperative complications particularly for more complex

VIHRs would be expected to decrease clinical resource

utilization and increase value of care. Further study is

needed to understand the relationship between increased

outpatient resource utilization and hospital readmission,

costs and personal burdens for patients that develop com-

plications following ventral hernia repair.
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