Assessing the Performance Indicators of
Hospitals Before and After the Pandemic of
COVID-19: A Time Series Study from January
2019 to December 2021

Sima Rafiei', PhD;
Ahad Alizadeh?, PhD;
Rohollah Kalhor', PhD;
Aidin Aryankhesal®, PhD;
Ahmad Ghashghaee*, MSc

'Social Determinants of Health
Research Center, Research Institute
for Prevention of Non-Communicable
Diseases, Qazvin University of Medical
Sciences, Qazvin, Iran
’Health Products Safety Research
Center, Qazvin University of Medical
Sciences, Qazvin, Iran
3School of Health Management and
Information Sciences, Iran University of
Medical Sciences, Tehran, Iran
4Student Research Committee, Qazvin
University of Medical Sciences,
Qazvin, Iran

Correspondence:

Ahmad Ghashghaee,
Student Research Committee,
Qazvin University of Medical Sciences,
Qazvin, Iran
Tel: +98 447310917653
Email: ahmad.ghashghaee1996@
gmail.com
Received: 23 April 2023
Revised: 21 May 2023
Accepted: 01 June 2023

Introduction

Abstract
Background: The pandemic of COVID-19 affect all healthcare
systems globally, and its effect on different hospital performance
indicators has been debated. The study aimed to compare the
impacts of COVID-19 on hospital performance indicators using
pre-and post-pandemic data from training hospitals.
Methods: We conducted an observational cohort study of hospital
performance indicators from two healthcare facilities affiliated
with Qazvin University of Medical Sciences in the north-west of
Iran. The R statistical software was used to analyze monthly data
on three basic performance indicators, including bed turnover,
average length of stay (LOS), and bed occupancy rate before
and during the outbreak of Coronavirus disease-19 (COVID-19).
Results: The pandemic had a remarkable effect on the level
of bed turnover, the average length of stay (LOS), and the bed
occupancy rate after one month from the COVID-19 outbreak
(P<0.05). Moreover, regression results showed that after the
pandemic, the first two mentioned indicators increased monthly
at 108.18 and 0.15, respectively, while LOS decreased by 0.09
monthly (P<0.05).
Conclusion: Based on the study findings, a significant decline in
hospital occupancy rate and bed turnover was observed after one
month since the beginning of the outbreak. This reduction was
associated with a longer LOS. Using ITS in pandemics such as
COVID-19 can evaluate the effect of various policies on outcome
measures and help policymakers make effective decisions.
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has been debated in the literature. As experienced in
most countries, an out-of-control increase in COVID-

The challenges arising from the COVID-19 pandemic
have affected all healthcare systems worldwide.
According to the World Health Organization report,
this pandemic has had 651 918 402 confirmed cases
and 6 656 601 confirmed death until December 2022.!
Besides an increased risk of excess mortality and
morbidity for communities, the effect of the COVID-19
pandemic on different hospital performance indicators

19 cases demands a high volume of patient admissions
which overwhelms healthcare services.! To resolve
bed capacity issues, most healthcare systems canceled
elective surgeries and unnecessary admissions to
provide adequate medical services for COVID-19
patients. Several studies reported reduced hospital clients
regarding acute coronary syndrome, strokes, and even
appendicitis.> Furthermore, the COVID-19 pandemic
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influenced the admission rate and affected objective
hospital performance indicators such as efficiency and
effectiveness. These augmented tensions and resource
limitations in low- and middle-income communities,
necessitate gathering evidence-based information
about the condition of hospital performance indicators
during the COVID-19 pandemic."* Information on
admission trends, length of stay, and bed turnover is
necessary to determine hospital plans for effectively
allocating medical resources during the pandemic.*
In countries where the number of beds and staffing
norms are considerably low, evidence-based data about
performance indicators can be beneficial for allocating
insufficient resources to patients in extreme need.

To manage the pandemic in Iran, the government
introduced several phases of lockdown from 19
February 2020 to the least strict restrictions on April
11 when the limitations in the country were eased.’
However, COVID-19 cases began to rise again on
June 4, 2020; the number of daily confirmed deaths
increased to more than 200 by July 6 and 235 on
July 28. Consequently, different infectious control
protocols were introduced, and local authorities
imposed a new phase of restrictions to fight more
effectively against the disease.’® Therefore, in this
study, we aimed to explore the change in hospital
bed turnover, occupancy rate, and LOS at two major
referral centers in the province of Qazvin, Iran, in the
pre-COVID-19 era and during the pandemic.

Methods

Study Setting

This study was done in two training hospitals
affiliatedwith Qazvin University of Medical Sciences
in Qazvin province, the southwest region of Iran.

Study Design

We conducted an interrupted time series
analysis (ITSA) to evaluate monthly changes in the
public hospitals’ three main hospital performance
indicators due to the COVID-19 pandemic. ITSA
includes multiple measurements of specific outcomes
repeatedly over time. R software version 4.1.1 was
used for data analysis. Utilizing the interrupted time
series analysis method, the trend of the investigated
indicators and the immediate changes after the
pandemic, were analyzed. The objective of the binary
segmentation algorithm was to identify points of
change in the data’s mean and dispersion (based on
the differences of two consecutive times).’

Data Collection

Monthly values of hospital performance measures
were gathered from two public hospitals from January
2019 through December 2021. The hospitals’ information
systems were mined for relevant data, and if that proved

insufficient, the hospital’s curative deputy at Qazvin
University of Medical Sciences was consulted. A main
indicator (hospital bed turnover, occupancy rate, and
Length of Stay) was investigated in these hospitals.

Hospital Bed Turnover

The bed turnover rate (BTR) is a metric that
represents the number of patients treated in a specific
amount of time, typically one year. This rate is used
to measure the hospital beds productivity.

The hospital bed turnover rate can be calculated
as follows: Hospital Bed turnover rate=Number of
discharges (including deaths) in a given time / Number
of beds during that period.

Bed Occupancy Rate

The formula for determining the occupancy rate
is as follows: the number of beds that are effectively
occupied (bed-days) for curative care (HC. 1 in SHA
classification) is divided by the number of beds that
are available for curative care, which is then multiplied
by 365 days. The resulting ratio is then multiplied by
100 to determine the occupancy rate.

(Inpatient Days of Care / Bed Days Available) x100

Length of Stay

The length of stay, also known as LOS, is a clinical
metric measuring time between a patient’s admission
to a hospital and their discharge.

Statistical Analysis

An interrupted time series with segmented
regression analysis was used to examine the impact of
the COVID-19 pandemic on monthly hospitalizations
rate. To assess the changing trend of data, we included
36 data points (one year before and two years after
the pandemic) to examine the impact of the pandemic
on performance indicators considered in the study.”
10 Segmented linear regression modeling contained a
linear slope for time, a binary term for the change-
point (0 represented before the pandemic and 1 stood
for after the COVID-19 outbreak), and an interaction
between the two terms. This interaction shows changes
to the intercept and the weekly rate before and after
the pandemic. Bl is the monthly change in outcome
variable before the intervention, B2 is the average level
of change in the hospital performance indicators in
the first month after the intervention, and the post-
intervention linear trend measures the monthly average
change in the trend of indicators after the pandemic.
Data was analyzed using R statistical software (Version
4,1,1; STATA Corporation, College Station, TX, USA).

Results

Here the researchers present the study findings and the
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impact of the COVID-19 pandemic on hospital LOS
according to ITS analysis. As results show, in both
hospitals,, the hospital length of stay was downward
before the COVID-19 pandemic, and a significant
decreasing trend continued in the first month of the
corona outbreak. However, both graphs showed an
increasing trend after this point in time. The cumulative
chart of the two hospitals also revealed a similar tendency.

Asreported in Figure 1, the study level of hospital
length of stay was estimated at 5.5 days in hospital
A and 4.8 days in hospital B. The overall estimate
of both hospitals indicated that the rate increased by
0.07 monthly before the COVID-19 pandemic. The
mentioned indicator’s increase was not statistically
significant (P=0.15). At the beginning of the pandemic,
a significant increase in the rate of 1.13 (P<0.05; 95%

CI=0.38, 1.88) continued (Table 1).

Regression results showed that the mentioned
indicator decreased monthly after the pandemic at
the rate of 0.09 (P<0.05; 95% CI=-0.19-0). Figure 1
visually displays these results before and during the
COVID-19 pandemic.

Table 2 depicts the interrupted time series
analysis results for bed turnover in both hospitals.
According to provided data, the coefficient of the
level indicates a significant decrease of the indicator
after one month from the COVID-19 pandemic
(P<0.05; 95% C1=-2.76, -0.48).

However, after the pandemic, the bed turnover
rate increased monthly at the rate of 0.15 (P<0.05;
95% CI=0, 0.3) over time. Figure 2 shows the trend
of changes in the indicator over time.

Both Hospitals

Average Length of Stay (Rato)

. . ‘
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Average Lengh of Suay (Rato)

Time

Figure 1: Interrupted time series analysis for hospital length of stay
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Table 1: Estimated coefficients of regression model for overall hospital LOS rate before and during the COVID-19 pandemic

Variables Coefficient P value Confidence interval
Lower Upper
Pre-intervention slope, 1~ 0.07 0.15 -0.03 0.16
Change in slope, 2 1.13 0.004 0.38 1.88
Post-intervention linear -0.09 0.022 -0.19 0

trend

P value: The probability under the assumption of no effect or no difference (null hypothesis), of obtaining a result equal to or more extreme

than what was actually observed

Table 2: Estimated coefficients of regression model for overall bed turnover before and after the COVID-19 pandemic

Variables Coefficient P value Confidence interval
Lower Upper
Pre-intervention slope, 1~ -0.08 0.249 -0.22 0.06
Change in slope, B2 -1.62 0.007 -2.76 -0.48
Post-intervention linear 0.15 0.046 0 0.3

trend
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Figure 2: ITS analysis for bed turnover
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Figure 3: Interrupted time series analysis for bed turnover.

Based on Figure 3, the starting level of bed
occupancy rate was at 78.98% in hospital A and
65.14% in hospital B. Study findings revealed that the
occupied bed days decreased by 11.75 days monthly
before the pandemic. The reduction in occupied days
was insignificant statistically (P>0.05). A remarkable
decrease in the rate of 1579.82 per 10 000 population

(P<0.05; 95% CI=-2591.41,-568.23) was estimated
at the beginning month of the Civid19 pandemic of
Covid-19. In addition, a significant increase in the
monthly trend of hospitalization rate (compared with
the period before Covid-19) was recognized, and it
was estimated at 108.18 hospitalizations per 10 000
population (P>0.05, 95% CI=-22.79, -23.91) (Table 3).
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Table 3: Estimated coefficients of regression model for bed occupancy rate before and after the COVID-19 pandemic

Variables Coefficient P value Confidence interval

Lower Upper
Pre-intervention slope, Bl -11.75 0.85 -136.76 -113.25
Change in slope, 2 -1579.82 0.003 -2591.41 -568.23
Post-intervention linear 108.18 0.102 -22.79 -239.16
trend

Figure 3 indicates a visual display of bed
occupancy rates before and after the pandemic.

Overall, the results showed statistically significant
improvements regarding the occupied bed days and
bed turnover, the exception being the hospital length
of stay rate with a decreasing trend over time (P<0.05).

Discussion

The current study is one of the few studies that surveyed
changes in some of the main hospital performance
indicators before and after the COVID-19 outbreak.
Before the COVID-19 era, a reduction in all studied
variables was found. Literature also reported similar
results and recognized a remarkable decrease in hospital
occupation rate and bed turnover in the early era of
the epidemic.’ In Italy, the number of daily clients for
15 hospitals decreased from 18 in the pre-COVID-19
period to 13.3 throughout the pandemic.® In the United
States, hospital admissions decreased by 42% during
COVID-19, with a considerable decrease in heart
diseases, chronic obstructive pulmonary disease, and
acute appendicitis."! Besides the US, hospital admission
rate decreased in Japan, Belgium, Hong Kong, Norway,
Sierra Leone, and South Korea.!>'7 These significant
declines might be due to the policies implemented in
many healthcare systems, in which elective surgeries
were postponed, and patients with urgent needs were
prioritized for hospitalization and treatment. In most of
the studies, the COVID-19 pandemic was mentioned to
account for the decline in both acute and elective care
admissions.” The most frequently cited reasons included
patients’ adherence to physical distancing guidelines,
worrying about contracting COVID-19 infection at
healthcare facilities, inability to have a treatment-
seeking behavior due to cognitive malfunctioning or
physical impairment, and avoiding visiting hospitals for
non-urgent medical conditions.*” Improving primary
healthcare services in Iran was another crucial factor
that significantly decreased the hospital admission rate.
In case of canceling emergency cases and patients in
need of acute medical services, it is expected that the
average diagnosis-related group relative weight for
the hospital would be lower and be a sign of a shorter
length of stay. Accordingly, we observed a shorter stay
in the studied hospitals during the pandemic. In a study
by Khullar, the reduction in hospital visits, due to the
panic about COVID-19, has played an important role in
reducing hospital occupation rate and service capacity.'®

As affirmed by Behzadifar et al., elective surgeries were
entirely canceled bacause of an urgent need to manage
COVID-19 patients.

Furthermore, physicians were unwilling to
perform elective surgeries due to the possibility of
infection agents spreading to non-covid-19 patients.
On the other hand, patients who were scheduled
for elective surgery did not refer to hospitals due to
the lack of medical services, resulting in decreased
occupied bed days.* Because of health workforce
shortage and consequent fatigue among the existing
workforce, some hospitals postponed the admission of
non-urgent patients.”” Particularly, in the early onset
of the disease, non-dedicated COVID-19 hospitals
decreased hospital admissions to minimize the spread
of infection by reducing workers’ contact with infected
people.?® Likewise, the UK experienced a major
interruption in delivering hospital services, mainly
during COVID-19 pandemic-imposed lockdown. A
report released in April 2020 showed a 61% decline
in planned hospital admissions in Scotland, a nearly
50% decline in hospitals’ emergency unit activities
in England, a 41% decline in accident and emergency
services, and 26% for hospital admissions.?"?? Such a
decline in hospital visits may be due to the population’s
behavioral changes, includingthe fear of contracting
COVID-19 or reluctance to access healthcare services
to avoid other seasonal illnesses.?

In our study, the increasing trend in hospital
occupation rate after the first month of the COVID-
19 outbreak may have contributed to a significant
increase in the percentage of respiratory tract
infections, enhanced awareness of populations toward
COVID-19 infection, and an increased vigilance with
infection control at hospitals practiced by healthcare
practitioners. Consequently, study findings revealed
an increase in the number of admitted patients in the
second half of the year 2019, which supports this idea.
In fact, gaining adequate experience in response to the
COVID-19 pandemic over the months after the disease
outbreak, hospitals adopted new policies to admit
COVID-19-infected patients by allocating particular
wards for these patients. In addition, hospitals
continued their routine activities and offered various
healthcare services to different patients.* These reasons
can contribute to an increasing slope of hospital
occupation rate in our study after some time passed
from the COVID-19 outbreak. In England, hospital
service delivery increased in March 2020, with overall
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referrals to emergency departments and hospital visits
for particular medical conditions, including acute heart
failure syndromes and certain cancers. However,
the recovery of hospital services was stopped after
imposing rigid restrictions in September 2020.%*%¢ To
resolve the issue, NHS has applied new policies in
response to the COVID-19 pandemic. Consequently,
more resources were allocated to the healthcare system
to continue routine healthcare delivery per adherence
to infection control guidelines.?’

Our study findings showed that the average length
of hospital stay was five days which was relatively
similar to the values reported by Saudi Arabia (6 days),
the United States (6 days), Peru (7 days), and London
96 days).”**! The overall estimate of both hospitals in
our research indicated that the rate increased by 0.07
every month before the COVID-19 pandemic. In the
first month of the pandemic, a statistically significant
increase in the rate of 1.13 continued. In this study, as
individuals affected by COVID-19 infection constituted
the majority of hospital-admitted patients, the length
of hospital stay was significantly longer. Research s
results in France confirmed this findings and stated
that those suffering from dyspnea might have longer
discharging time due to respiratory problems.*

Furthermore, as COVID-19 patients might have at
least one organ failure, such as diabetes, hypertension,
cardiovascular and pulmonary disease, a prolonged
hospital stay is more expected.**3 Thus, the additional
medical therapy needed for patients with organ failure
could demand more time than those without any
particular comorbidity. However, establishing a multi-
level healthcare delivery system and empowering
primary healthcare (PHC) centers would shorten the
hospital length of stay dramatically. PHC professionals
can provide appropriate and timely healthcare services
for vulnerable patients in rural areas.’® Furthermore,
the existence of multi-level hospitals can be beneficial
in reducing the burden of diagnosis and treatment
procedures in high-level hospitals by referring mild
patients tolower-level care facilities.*

The main strengths of our research were covering
the whole population of Qazvin, referring to two main
COVID-19 dedicated hospitals, selecting a proper length
of study (three years), and using hospital information
system-recorded data. In addition, the ITS design as
a dominant methodological technique to examine
the effect of a phenomenon on healthcare systems’
performance indicators was another key strength of
this study. However, the analyzed data regarding the
correlation between the COVID-19 pandemic and
hospital performance criteria should be interpreted
cautiously due to several factors affecting study results.

Conclusion

Based on the study findings, a significant decline in

hospital occupancy rate and bed turnover was observed
after one month since the beginning of the outbreak. This
decline was associated with a longer length of stay. Using
ITS in health-related pandemics such as COVID-19 can
evaluate the effect of different policies on outcome and
help policymakers make effective decisions.

Suggestions for Further Study

1- Conducting a qualitative study to assess hospitals’
performance following a coronavirus outbreak.

2- Research on the hospital’s performance indicators,
focusing on each indicator to explain the changes
in the meaningful trend following the onset of the
Corona pandemic.

3- Research on emergency performance indicators,
focusing on each indicator to explain the significant
changes in trends following the onset of the Corona
pandemic.

4- Research on the interrelationships of indicators and
their influence on each other after the start of Corona.

5- Time series investigation of hospital performance
indicators before and after corona vaccination

6- Time series investigation of emergency performance
indicators before and after corona vaccination

Conflict of interest: None declared.
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