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Abstract

Background Inpatient hospital units vary in staffing ratios, monitoring, procedural abilities, and experience with unique
patients and diagnoses. The purpose of this study is to assess the impact of patient cohorting upon ventral hernia repair
outcomes.

Methods An IRB-approved retrospective review of open ventral hernia repairs between August 2013 and July 2017 was
performed. The information of all patient locations during hospitalization, time at location, post-anesthesia care unit dura-
tion (PACU), and intensive care unit (ICU) duration was collected. Patient demographics, comorbidities, operative details,
cost, and patient outcomes were analyzed. Multivariable analysis of log length of stay (LOS) was assessed with adjustment
for clinical and operative factors.

Results 235 patients underwent open ventral hernia repair. 179 patients were admitted to surgical units, 33 non-surgical
units, and 23 stayed on both units. Clinical characteristics including patient age, gender, BMI, and medical comorbidities
were similar between patients boarded on surgical versus non-surgical units. Hernia, wound, and operative data were also
statistically similar. Patients admitted to non-surgical units for any duration experienced longer hospital stay (4 vs. 6 days,
p <0.001). Patients housed on a non-surgical unit were more likely to transfer rooms than patients on surgical units, 42.9%
vs. 10.1% (p <0.001), respectively. Multivariable analysis of natural log-transformed LOS showed any stay on a non-surgical
unit increased LOS by 1.0 days (95% C1 0.9-1.2 days, p=0.026). There were no differences in ICU or PACU stay, cost, or
postoperative complications in patients housed on surgical versus non-surgical units.

Conclusions Postoperative surgical patients had an increased length of stay when admitted to non-surgical units. More fre-
quent room transfers occurred in patients admitted to non-surgical units. Evaluation of patient outcomes and LOS in open
ventral hernia repair patients based on hospital unit is unique to this study.
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Ventral hernia repair (VHR) is a common surgical proce-

dure with over 350,000 performed per year within the United
States with costs exceeding $3 billion annually [1]. Despite
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optimize comorbidities prior to hernia repair are generally
advocated to improve outcomes. Surgeons may impact out-
comes through the utilization of enhanced recovery after
surgery (ERAS) protocols to impact both the economics and
quality of care. Enhanced recovery protocols for surgery aim
to address preoperative comorbidities and intraoperative
interventions, as well as postoperative care to reduce vari-
ability in care resulting in reduced complications, length of
stay, and costs [11-14].

While inpatient status has been shown to be a predictor
of cost and appears to make little difference in complication
rates and hernia recurrence compared to outpatient status
[15], the influence of the quality of postoperative care has
yet to be appreciated. ERAS protocols attempt to standard-
ize postoperative care, but audits of compliance demonstrate
variability in care delivery [14]. Inpatient units vary greatly
in their degree of training, procedural ability, and experi-
ence with postoperative patients, and the effects of these
differences in the setting of VHR have not been studied.
The purpose of this study was to evaluate the impact of
postoperative hospital units, including medical, surgical,
and intensive care, upon hospital length of stay and early
clinical outcomes of VHR patients.

Materials and methods

After receiving IRB approval, the open VHR database from
the University of Kentucky between August 2013 and July
2017 was reviewed. Patient records were reviewed for demo-
graphics, comorbidities, operative details, ERAS compli-
ance, and early patient outcomes [14]. Patient outcomes
included cellulitis, infected seroma, superficial surgical site
infection (SSI), deep SSI, and readmission within 30 days.
Early patient stay information was collected, including
patient location, room or facility transfer, hospital length
of stay (LOS), PACU LOS, ICU stay, and/or ICU LOS.
Patient location included facility and stay on surgical or
non-surgical unit. Surgical units were defined as units pri-
marily boarding surgical patients and staffed by healthcare
workers experienced with postoperative patient care. Patient
hospitalizations on non-surgical units were defined as those
boarding in a hospital unit other than surgical for any dura-
tion of the hospital stay. Unit selection was based primarily
on bed availability, with the exception of patients admitted
to ICUs for comorbidities or complications. Room trans-
fer was defined as any room transfer of patient, including
transfers within surgical or non-surgical units, between units,
or between levels of care (floor and ICU). Facility transfer
was defined as transfer between the two facilities within the
healthcare system. Location transfers were primarily based
on bed availability, with the exception of transfer between
floor units and ICUs. ICU stay includes patients admitted to
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both surgical and non-surgical ICU units. The surgical team
was the primary team for patients on surgical floor, surgical
intensive care, or non-surgical floor units. Patients admitted
to non-surgical ICUs were managed by the intensivist and
surgical team per hospital policy. Statistical analysis was
conducted with the following two groups: patients boarded
solely on a surgical unit versus boarded solely/partially on a
non-surgical unit. Patients who stayed only on a non-surgical
unit were combined with patients who stayed on both units
for analysis. Bivariate analysis was conducted between the
groups for clinical and cohorting details, operative factors,
cost, and postoperative outcomes. Multivariable analysis
of the natural log of the LOS in days was performed with
and without adjustment for clinical, lodging, hernia, and
operative factors that differed by cohorting status (p <0.20).
Adjusting factors were room transfer, ICU stay, ERAS pro-
tocol period, BMI, diabetes, COPD, prior hernia repairs,
concomitant procedure, mesh type, and operative duration.

Results

235 patients underwent ventral hernia repair between August
2013 and July 2017. Of these, 179 (76.2%) patients were
postoperatively boarded exclusively on surgical units, while
56 (23.8%) were admitted to non-surgical units. Among the
56 patients, 23 patients (41.1%) were transferred between
units (Table 1). There were no significant differences found
in clinical characteristics of patients housed on surgical vs
non-surgical floors including age, gender, smoking status,
BMI, and medical comorbidities (Table 2). Hernia charac-
teristics including number of prior hernia repairs, history of
infected mesh, and history of abdominal wall infection did
not differ between groups. Furthermore, there were no differ-
ences in operative characteristics between groups, including
incidence of component separation, concomitant procedures,
duration of operation, estimated blood loss (EBL), wound
class, and mesh size/type (Table 3).

Length of stay in the postoperative anesthesia care unit,
ICU stay, and incidence of inter-facility transfer did not

Table 1 Patient lodging and ERAS status by cohorting status

Variable Surgical unit ~ Non-surgical Difference
unit
n % n % p-value

No. of patients 179 56

Any ICU stay 15 8.4 10 17.9 0.078
Transferred facilities 4 2.2 0 0.0 0.575
Room transfer 18 10.1 24 429 <0.001
Overnight in PACU 28 15.6 7 12.5 0.670
Post-ERAS protocol 92 514 18 32.1 0.014
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Table 2 Patient demographics and clinical characteristics

Variable Surgical unit  Non-surgical Difference
unit
n % n %  p-value

Age, mean+SD 54+13 56+11 0.290
ASA? class IIT or IV 118 659 39 69.6 0.630
Female gender 90 50.3 27 48.2 0.878
Smoking status 0.708

Never 81 453 22 39.3

Former 82 45.8 28 50.0

Current 16 89 6 10.7
BMI (kg/m?) 0.153

23-29.9 60 335 17 30.4

30-39.9 106 59.2 30 53.6

40+ 13 73 9 16.1
Diabetes 41 229 20 35.7 0.080
COPD 11 6.1 9 16.1 0.028
Cancer 42 235 11 19.6 0.714
CAD 22 12.3 10 17.9 0.371
HTN 110 61.5 38 67.9 0.430
Preoperative opioid 83 46.4 31 554 0.284

use contraindicating

entereg

COPD chronic obstructive pulmonary disease, CAD coronary artery
disease,; HTN, hypertension

#American Society of Anesthesiologists’ class

vary between groups. Patients housed on non-surgical units
experienced more frequent room transfers, either between
or within units, than patients solely in surgical units (42.9%
vs 10.1% p <0.001).

The median LOS for a patient was longer in patients
admitted to non-surgical units relative to surgical units
(6 days (CI 4.3-8 days) vs 4 days (CI 3.5-6 days), p <0.001).
Multivariable analysis of log-transformed LOS with adjust-
ment for all patient, lodging, and operative factors showed an
increased LOS by 1.0 days (95% CI 0.9-1.2 days, p=0.026)
among patients admitted to non-surgical units. Analysis of
total cost, with or without adjustment, did not vary based on
boarding location. Boarding on a non-surgical unit was not
associated with a difference in early postoperative complica-
tions, including cellulitis or wound complications, or rate of
readmission (Table 4).

Discussion

Inpatient units vary significantly in their staff relationships,
familiarity with procedures and protocols, and training
experience with categories of patients. Cohorting patients
on qualified units has the potential to improve patient care,

outcomes, and staff operations. However, few investigations
have been conducted on patient cohorting, especially with
general surgery patients. The existing cohorting research in
other specialties is promising and encourages serious con-
sideration of cohorting for general surgery patients.

One trauma center found cohorting trauma patients to one
unit with daily interdisciplinary rounds resulted in signifi-
cantly (p <0.05) improved perceptions of teamwork, com-
munication, and compliance with standards of care [17].
Familiarity with tasks associated with trauma patient care
also increased, though it was not found to be statistically
significant. Moreover, it has been shown that cohorted surgi-
cal ICU patients are seen earlier and longer on rounds than
those boarded on non-surgical ICUs [18], which may result
in a higher quality of care.

In addition to patient care and staff familiarity, cohorting
patients also has a significant impact on outcomes and com-
plications. When comparing surgery critical care patients,
those housed on non-surgical ICUs were found to have
increased rates of complications when compared to patients
housed on surgical ICUs [16]. Increased complications
included aspiration pneumonia (2.2% vs 3.6%, p <0.01)
and delirium (3.3% vs 8.3%, p<0.01). Moreover, compli-
cations not only increased on non-surgical ICUs but were
more frequent the farther the non-surgical ICUs were from
the surgical ICU. Aspiration pneumonia (odds ratio [OR],
2.39; p=0.01), ventilator-associated pneumonia (OR, 4.49,
p <0.05), and delirium (OR, 6.09, p<0.01) all occurred at
higher rates when patients were housed farther from the sur-
gical ICU.

Thus, while data have shown the benefits of cohorting in
critically ill surgery patients, the effects on general surgery
patients outside of the ICU have yet to be explored. Our
analysis encourages postoperative cohorting exclusively on
surgical units to significantly reduce LOS and room transfer
rates (p <0.001). Our study did not find an increased risk of
early postoperative complications, including cellulitis and
wound complications, with patients housed on non-surgical
units. While no association between cost and patient location
was found in our study despite LOS variation, prior findings
have correlated prolonged LOS to net loss of revenue [2, 14].
Moreover, transfer between units may increase non-surgi-
cal staff stress due to lack of experience with postoperative
patients on medical units, such as seen in nursing staff caring
for trauma patients prior to cohorting [17].

While our study emphasizes the need for postoperative
cohorting on surgical units, lack of bed availability and
overflow may result in boarding in the PACU or a non-sur-
gical unit [16]. In an effort to improve hospital throughput,
patients may be located in any area of the hospital in order
to vacate beds in the PACU to avoid disrupting the flow
of the operating room. The rationale for the increased rate
of transfers between units is not fully understood based
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Table 3 Perioperative

. Variable Surgical unit Non-surgical unit Difference
characteristics
n % n % p-value
Prior hernia repair(s) 0.067
0 89 49.7 18 32.1
1 58 324 24 429
2+ 32 17.9 14 25.0
Prior infected mesh 22 12.3 9 16.1 0.499
Preop open wound 14 7.8 6 10.7 0.583
Prior abdominal wall infection 55 30.7 23 41.1 0.193
Component separation 153 85.5 51 91.1 0.368
Concomitant procedure 51 28.5 24 42.9 0.050
Duration of operation, mean mins. +SD 196 +66 213+57 0.086
EBL, mean CC’s+SD, n=158, 48 169 +105 184+95 0.376
Wound class 0.634
Clean 147 82.1 42 76.4
Clean/contaminated 10 5.6 3 55
Contaminated 13 73 5 9.1
Dirty/infected 9 5.0 5 9.1
Mesh size, mean cm” +SD 755+429 769+361 0.823
Highest mesh type 0.178
1 Synthetic 92 514 26 46.4
2 Biologic 11 6.1 8 14.3
3 Bioresorbable 76 42.5 22 39.3

EBL estimated blood loss

Table 4 Postoperative clinical outcomes, length of stay, and readmis-
sion rates

Variable Surgical unit Non-surgical Difference
unit
n % n %  p-value
Median LOS days, 4 (3.5-6) 6 (4.3-8) <0.001
IQR
Cellulitis 8 45 1 1.8 0.691
Wound complication, 51 28.7 17 304  0.866
any of the below
Infected seroma 18 10.1 6 10.7 1.000
Superficial SSI 29 16.3 11 19.6  0.547
Deep SSI 5 28 1 1.8 1.000
Readmission w/in 31 174 9 16.1 1.000
30 days

LOS length of stay, SSI surgical site infection

upon this study. Possible explanations include transfer to
accommodate other disease-specific patients on the unit
or an attempt to transfer the patient to the surgical unit.
Accordingly, patients may be transferred due to either hos-
pital bed needs or the request of the surgical team. This
study was not able to clearly delineate the rationale for
each transfer and as a result we were not able to discern
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the impact of the rationale for transfer upon outcomes.
Nevetheless, patients undergoing room transfer experi-
enced increased LOS without altering clinical outcomes.
In situations when surgical cohorting is not possible, inter-
disciplinary awareness and protocols may be needed to
guarantee equivalent patient care. ERAS protocols allow
providers to optimize patient care while providing non-
surgical staff with a framework to adequately treat post-
operative patients on their unit. Moreover, implementa-
tion of ERAS protocol in our own institution was found to
contribute to an overall 15% (0.7 days) reduction in mean
LOS among postoperative VHR patients [14].

Limitations of this study include sample size, which
may have limited statistical analysis and power of the
study. Patients who stayed only on a non-surgical unit were
combined with patients who stayed on both units for analy-
sis, as these individual groups were too small for separate
statistically significant analysis. Moreover, increased LOS
was suggestive of increased cost but did not show statis-
tical significance. Potential confounding factors, such as
number of lab and imaging tests, were not included in this
dataset. Additionally, as half of the patients in the non-
surgical stay cohort underwent a concomitant procedure,
the increased complexity may have contributed to the lack
of cost variability despite statistically increased LOS.
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Conclusion

Postoperative VHR patients experience an increased LOS
and rate of location transfer when housed on a non-surgical
unit. Early VHR outcomes, including cellulitis and wound
complications, were not significantly different based on
patient location. Further studies are required to further
understand the specific factors associated with the increased
LOS. Evaluation of the effect of VHR patient cohorting on
postoperative outcomes, LOS, and cost is unique to this
study.
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