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Abstract

Length of hospital stay (LHS) after primary total hip
arthroplasty (THA) constitutes a critical outcome mea-
sure, as prolonged LHS implies increased resource
expenditure. Investigations have highlighted factors
that affect LHS after THA. These factors include ad-
vanced age, medical comorbidities, obesity, intraop-
erative time, anesthesia technique, surgical site infec-
tion, and incision length.

We retrospectively analyzed the effect of day of the
week of primary THA on LHS. We reviewed the sur-
gery and patient factors of 273 consecutive patients
who underwent THA at our institution, a tertiary-care
teaching hospital.

There was a 15% increase in LHS for patients who
underwent THA on Thursday versus Monday when
controlling for other covariates that can affect LHS.
Other statistically significant variables associated with
increased LHS included American Society of Anesthe-
siologists grade, transfusion requirements, and post-
operative complications.

The day of the week of THA may be an indepen-
dent variable affecting LHS. Institutions with reduced
weekend resources may want to perform THA earlier
in the week to try to reduce LHS.

ith health care costs increasing and economic re-

s ’ \ ; sources diminishing, substantial efforts have been
directed toward improving the quality of care de-

livered in a cost-effective manner. For a total hip arthroplasty
(THA) performed in the United States between 1997 and 2001,
total hospital cost, including direct and indirect costs, was esti-
mated as averaging $13,339.'In 2012, this cost was estimated to
be between $43,000 and $100,000.” This overall cost estimate,
along with the rate at which the procedure is performed, may

present an opportunity for cost savings.

Length of hospital stay (LHS) is an important outcome mea-
sure that has been assessed for optimal health care delivery.
Prolonged LHS implies increased resource expenditure. There-
fore, it is crucial to identify factors associated with prolonged
LHS in order to reduce costs. Investigations have identified
factors shown to affect LHS after THA. These factors include
advanced age, medical comorbidities, obesity, intraoperative
time, anesthesia technique, surgical site infection, and inci-
sion length.*”

We conducted a study to identify the patient and clinical
factors that affect LHS and to determine whether the specific
day of the week when primary THA is performed affects LHS
atalarge tertiary-care university-based medical center. This in-
formation may prove valuable to hospital planning committees
allotting operating room time and floor staffing for elective
surgical cases with the goal of delivering cost-efficient care.

Materials and Methods

After obtaining institutional review board approval for this
study, we retrospectively analyzed all primary unilateral THAs
(273 patients) performed at our institution, a tertiary-care
teaching hospital, between January 2010 and May 2011. The
majority of the surgeries were performed through a posterior
approach, and a majority of the implants were uncemented.
All patients followed the same postoperative clinical pathway;
no fast-track pathway was used.

The combined effects of day of surgery, American Society of
Anesthesiologists (ASA) grade, anesthesia type, intraoperative
time, estimated blood loss (EBL), incision length, presence of
complications, age, sex, body mass index (BMI), disposition
(skilled nursing facility vs home), transfusion, hematocrit, and
hemoglobin on LHS were analyzed using a multiple quasi-
Poisson regression model that included a random effect for
surgeon. A Poisson regression model (typically used for count
data) was deemed appropriate, as LHS was reported in whole
days; a quasi-Poisson model relaxes the Poisson model assump-
tion that the variance in the data equals the mean. The random
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effect for surgeon adjusts for any correlation among data from
surgeries conducted by the same surgeon.

All complications were recorded. Complications included
excess wound drainage,® wound hematoma (a case of excess
wound drainage necessitated surgical irrigation and débride-
ment), new-onset atrial fibrillation, non-ST-elevation myocar-
dial infarction, atrial flutter, urinary tract infection, pulmonary
embolism, disseminated intravascular coagulation, hepatic de-
compensation as manifested by elevated liver enzymes, pneu-
monia, gastroesophageal reflux disease, gastric ulcer, sepsis,
delirium, hypotension, and dysphagia.

The parameter estimates reported from the quasi-Poisson
regression model are incident rate ratios (IRRs). IRR represents
the change in expected LHS for a 1-unit change in a continu-

ous variable (eg, age) or between categories of a categorical
variable (eg, sex). IRR higher than 1 indicates higher risk as
the continuous variable increases or a higher risk relative to
the comparator group for a categorical variable. IRR lower than
1 indicates lower risk.

Results
Table 1 summarizes patient characteristics by surgical day.
Mean LHS ranged from a minimum of 3.7 days for patients
who had surgery on a Monday to a maximum of 4.2 days for
patients who had surgery on a Thursday.

Table 2 summarizes results of the multivariate quasi-Pois-
son regression analysis of LHS by surgical day, ASA grade,
anesthesia type, intraoperative time, EBL, incision length,

Table 1. Patient and Surgery Characteristics by Surgical Day

Surgical Day

Variable Monday Tuesday

Wednesday Thursday All Patients

Length of hospital stay, d
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Table 1. Patient and Surgery Characteristics by Surgical Day (continued)

Surgical Day

Variable Monday Tuesday Wednesday Thursday Friday All Patients
Body mass index

Mean 281 28.4 311 29.6 28.8 29.2

SD ................................................. 5 9 ................ 6 7 .................. 75 ................... 73 ................. 5 4 ................ 67 _________
Median o072 088 284 20 205 286
Range 67-473 78521 221476 158-633 186-425 158633
Preoperative hematocrit

Mean 39 38.2 40.3 39.3 39.2 39.2

SD ................................................. 5156 .................. 4246 ................. 4 2 ................ 48 ........
Median w0 85 w02 302 02 307
Range 279-506 225478 323482 273503 204-478 225506
Anesthesia type

General only 39 (88.6%) 34 (73.9%) 23 (95.8%) 97 (85.1%) 36 (80%) 229 (83.9%)
General + spnal  5(114%)  12261%  1@42% 170149% 9o@0% 44(161%)
Complications

No 31 (70.5%) 7 (15.2%) 20 (83.3%) 71 (62.3%) 21 (46.7%) 150 (54.9%)
Yes 13(205%  39(848% - 4(67%  A3(77%  24(83.3%)  123(451%)
Sex

Female 21 (47.7%) 26 (56.5%) 12 (50%) 56 (49.1%) 27 (60%) 142 (52%)
Male 23 (523%)  20(435%) 1260% 58(50.9%) 1840% 131 (48%)
Disposition

Home 29 (65.9%) 35 (76.1%) 20 (83.3%) 83 (72.8%) 42 (93.3%) 209 (76.6%)
Physical medicine and rehabiltation 108% 1e2% o o o 2089
Skiled nursing faciity 14@E18%  10@17% 4(67%  29(254%) 367% 60 (22%)
Unknown ........................................... O .................. 0 .................... O ................. 2 (1 8%) ............... 0 2(07%) ......
Transfusion

No 31 (70.5%) 29 (63%) 18 (75%) 79 (69.3%) 33 (73.3%) 190 (69.6%)
Yes 13Ro5%  17E7% 6@5% 33(28.9%  12(267%  81(207%
Unknown o o o 20.8% o 207%
Preoperative hemoglobin, g/dL

<12 11 (25%) 14 (30.4%) 3 (12.5%) 26 (22.8%) 9 (20%) 63 (23.1%)
w213 7(59%  8(74% 4(67%  25@19%  10@22%)  54(19.8%)
w84 8(182%  12(261%  8(333%)  25(219% 9@0% 62 (22.7%)
24 17(@86%  12(261% 9@75%  36(316%  17(37.8%  91(333%
Unknown 123% o o 208% o 3(11%)

Abbreviation: ASA, American Society of Anesthesiologists.

presence of complications, age, sex, and BMI. With all other
variables included in the model adjusted for, each additional
point in ASA grade was associated with a 12% increase in LHS
(P =.019). In addition, with all other variables included in the
model adjusted for, LHS was 33% longer for patients with com-
plications than for patients without complications (P < .001)
and 12% longer for patients who received transfusions than
for patients who did not (P = .046). LHS did not differ signifi-
cantly by the day of the week when the surgery was performed
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(P = .496). Disposition status (skilled nursing facility vs home)
as a variable to determine LHS did approach statistical signifi-
cance (P = .061). As the effect size we were interested in de-
tecting was an approximate 1-day increase in LHS for patients
who had surgery later in the week relative to patients who
had surgery earlier in the week, our sample size was adequate
(range of required sample size, 200-300 patients). This study
had 99% power to detect a 27% increase in LHS (equivalent
to 1 day or more).
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Table 2. Multiple Quasi-Poisson Regression Analysis of Length
of Hospital Stay by Patient and Surgery Characteristics

investigated in the United States before. In Den-
mark, in a study similar to ours, Husted and

colleagues* found a 400% increase in the prob-

ability of LHS of more than 3 days when pa-
tients operated on a Thursday were compared
with patients operated on a Friday. The authors
reasoned that the Thursday patients most likely
had a compromised physical therapy proto-
col owing to the inclusion of weekend days
in the crucial postoperative period. LHS was
consequently increased so that these patients
would achieve their therapy goals before being
discharged. Our investigation showed that LHS
did not differ significantly by surgical day of
the week. Although patients who had THA on
a Thursday had 15% longer LHS than patients
who had THA on a Monday, this difference
was not statistically significant (P = .496), even
though the study was adequately powered to
detect a change in LHS of a whole day.

Table 3 summarizes the difference in quan-
tum of workforce on weekdays and weekends
at our center. The physiotherapy sessions
were reduced to 1 per day. Nurse practitioners
and discharge planners were not available on
weekends, and some skilled nursing facilities
and rehabilitation centers refused to accept
patients on weekends. At our center, a teach-
ing institute, the clinical duties of discharge

Variable IRR P 95% Cl for IRR
American Society of Anesthesiologists grade 11176 .0192  1.0180-1.2270

Anesthesia type, general + spinal vs general only  0.8744 051  0.7637-10011
Itraoperative time, mn 10001 864 0.9989-1.0013
Estmated blood loss, m_ 10000 858 0.9999-1.0002
Incision length, om 10105 272 0.9917-1.0207
Complications, yesvsno 13339 <001 11828-1.5043
3ur g|ca| day ................................................ S 4 96 ............ R
 TuesdayvsMonday 11062 —  09216-13278
 WednesdayvsMonday 10808 —  0.8869-1.3392
 ThursdayvsMonday 1154  —  0.9888-1.3406
 FridayvsMonday 11175 —  0.9325-13392
Agey .................................................... 10024 . 274 . 09981_10066 .
Sex, male vs female 09957 937 0.8934-11096
Body massindex 10043 225 0.9974-1.0112
.|—.| emog|ob|n g/ou_ ......................................... e 177 ............ R
Ct2t8vs<2 09432 — 0792711222
1314VS<12 .......................................... 10566_08490_13150
214VS<12 ............................................ 09124_06728_12373
Disposition, SNF/PM&R vshome 11258 061 0.9940-1.2752
Transfusion, yesvsno 11167 .046* 10016-12429
Preoperative hematocrit 09976 845 09738-1.0220

Abbreviations: Cl, confidence interval; IRR, incident rate ratio; PM&R, physical medicine and rehabilitation;

SNF, skilled nursing facility.
aStatistically significant (P < .05).

Discussion

This retrospective analysis explored how day of the week of
primary THA affected LHS. Various confounders, such as sur-
gery and patient factors, were also examined so that the mul-
tivariate analysis would be able to isolate the effects of surgical

day of the week on LHS.

Effect of day of the week of primary THA on LHS was not

our study

planners and nurse practitioners were assumed
by licensed physicians (orthopedic residents
covering the arthroplasty team on weekends).
This could be one of several possible reasons
failed to detect statistically significant difference

between the 2 groups. This kind of alternative arrangement
may not be possible at many other centers. However, our study
results provide a reasonably accurate logistical aim with regard
to workforce availability on weekends to keep LHS in check.

The importance of giving patients an inpatient physical

therapy re

Table 3. Distribution of Patient Care Team for Arthroplasty
Inpatients Over Weekdays and Weekends

Patient Care Team Weekdays Weekends

Nurse practitioners Available Unavailable

Floor nurses Available Available (same nurse-

to-patient ratio)
Discharge planners Available Unavailable
Physiotherapy Available Available
2 sessions per day 1 session per day

Pharmacy Available Available

Skilled nursing facility (extrinsic ~ Accepts patients

to University of California Davis)

Some do not accept
patients on weekdays
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gimen in timely fashion has been demonstrated
in other studies. Munin and colleagues,’ in a ran-
domized controlled trial, evaluated 71 patients who
underwent elective hip and knee arthroplasty and
received 2 different physical therapy regimens. Pa-
tients started their in-treatment physical therapy
on postoperative day 3 or 7. Mean total LHS was
shorter in the 3-day group (11.7 days) than in the
7-day group (14.5 days) (P <.001). Brusco and col-
leagues'® also showed that introducing weekend
physical therapy services significantly reduced LHS
in patients who underwent THA (10.6 vs 12.5 days;
P < .05). Rapoport and Judd-Van Eerd" retrospec-
tively analyzed orthopedic surgery LHS, comparing
patients treated in a community hospital during a
period of 5-days-a-week physical therapy coverage
and patients treated during a period of 7-days-a-
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week physical therapy coverage. The 7-days-a-week group had
significantly statistically shorter mean LHS.

Another rationale for analyzing the impact of surgical day
of the week stems from the expectation that patients who un-
dergo THA on Wednesday or Thursday and are scheduled to
have physical therapy or be discharged on the weekend may be
affected not only by reduced inpatient weekend physical ther-
apy coverage but also by difficulties in being transferred to a
skilled nursing facility or rehabilitation center if not discharged
home. In our study, the patients who were to be discharged to
arehabilitation center were delayed by 12.5%, and this statistic
trended toward significance (P = .061). Our literature search
did not turn up any studies, US or European, specifically link-
ing LHS to discharge disposition (whether patient is discharged
home or to a skilled nursing facility or rehabilitation center).

Reduced medical staffing on weekends may not only affect
the quality of in-hospital patient care but may also result in
unnecessary delays in discharge. Chow and Szeto'” retrospec-
tively analyzed the medical records of all acute medical wards
in a university hospital and compared weekend discharge
rates before and after implementation of a work ordinance,
which decreased the physician workforce by half on Saturday
and Sunday. Results showed a 2.7% decrease in the weekend
discharge rate after the work ordinance was established. The
number of weekday discharges between the 2 time periods
did not differ. Increasing the workforce availability presents a
challenge in academic medical centers where graduate medical
education enforces a strict cap on resident duty hours. Under
these circumstances, a more feasible approach to decreasing
LHS for THA patients is for surgical planning committees to
provide the joint replacement services with operative block
times early in the workweek.

Even though the organizational structure at our center is
strong enough to provide for an adequate weekend workforce
to discharge these patients, this study had a few limitations.
We could not study readmission rates and whether the transi-
tion to home health and home physical therapy for the patients
who went home was seamless.

We found that only 3 patient characteristics had a significant
effect on LHS: higher ASA grade (a surrogate for medical co-
morbidities), requirement for blood transfusion, and presence
of complications. In Denmark, blood transfusion increased the
likelihood of longer LHS by 400%.* In that study, patients who
were ASA grades 1 and 2 had 60% and 20% decreased likeli-
hood of LHS of more than 3 days compared with patients who
were ASA grade 3. Similarly, in 2009, Mears and colleagues®
found 4 factors related to increased LHS: female sex (P <.001),
older age (P < .001), higher ASA grade (3, P <.01; 4, P <.001),
and increased blood loss (P < .001).°

Conclusion

Over the past decade, there has been a significant reduction in
LHS after THA, from a mean of 3 weeks to 4 days. Advances
in implant technology, delivery of in-home physical therapy,
and improved prevention and management of postoperative
complications have contributed to this decline. Early identifica-
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tion of patients with transfusion requirements may be helpful
in expediting their care. Although guidelines are in place for
transfusion, further study in this regard may be needed. It is
important to continue to identify surgery and patient factors
that affect LHS, but the importance of organizational and plan-
ning issues in optimizing hospital health care expenditures
cannot be ignored. Further study of providing a specific dis-
charge planning service to identify patients’ discharge needs
(home vs extended care facility) may help reduce LHS.
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