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Abstract

Background: As fast and accurate techniques, advanced medical imaging technologies (AMIT) allow healthcare professionals to better 
diagnose and treat various health conditions, which translates into higher use of non-invasive operational procedures.
Objectives: The current study intended to investigate the effect of inpatient use of MRI and CT scan on the inpatient mortality and length of 
stay (LOS) in Tehran general university hospitals.
Methods: Data were collected from all general university hospitals in Tehran in 2017. A multiple linear regression model was constructed 
for each combination of technology and outcomes (i.e., mortality and LOS), and all models were controlled for patients’ demographic 
and clinical characteristics and structural profile of hospitals. In calculating hospital standardized mortality ratio (HSMR) for each of 72 
diagnosis groups related to death, a binary logistic regression model was fitted with predictors including LOS, admission type, comorbidity 
level, sex, and age.
Results: The use of CT varied from 0.39 to 149.35, and MRI from 0.24 to 80.23 exams per 100 discharges. The HSMR ranged from 76.8% to 146%, 
and the average length of stay (ALOS) was 3 - 8.46 days. MRI and CT had no significant effect on the HSMR and ALOS.
Conclusions: Further use of AMIT was not linked with improved efficiency and quality but was associated with better resource management 
in healthcare organizations. Effective management of the AMIT use requires clear rules and regulations with assertive commitment, in 
addition to establishing clinical guidelines with the support of insurance companies.
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1. Background
Advanced medical imaging technologies (AMIT) such 

as computed tomography (CT) scan, magnetic resonance 
imaging (MRI), and positron emission tomography (PET) 
scan are fast and accurate techniques that allow health-
care professionals to better diagnose and treat various dis-
eases, which translates into higher use of non-invasive op-
erational procedures (1). AMIT not only can improve health 
outcomes but can also enhance the efficiency of provided 
care and reduce healthcare expenditures (2). However, 
there is growing evidence on the unnecessary utilization of 
these technologies, and there are doubts about their posi-
tive impact on patients’ care (3). For instance, USA studies 
showed that 20% -50% of AMIT are ineffective in diagnosis 
and treatment (4). In 2011, a report revealed that 35% of MRI 
services in the USA were unnecessary for patients’ diagno-
sis (5). Similar evidence are reported in Iran (6-8).

Measuring the potential value of advanced diagnostic im-
aging (ADI) is of crucial importance. In addition, it is neces-
sary to evaluate the association between the utilization of 
such services and the care outcomes (9). Some studies have 

investigated this association in developed countries; how-
ever, no study has been performed in developing countries. 
A study conducted on 102 hospitals in the USA reported that 
utilization of MRI and CT has reduced the average length 
of stay (ALOS) and mortality (2). In the same vein, another 
study on 127 Canadian hospitals found that the use of CT and 
MRI has reduced mortality while resulted in increased ALOS 
(10). Mortality (risk-adjusted mortality) is one of the most 
important outcomes of medical care, which has been wide-
ly used to evaluate the quality of hospital care (11). Length 
of Stay (LOS) is the main determinant of the use of hospital 
resources and is widely considered as a measure of clinical 
efficiency (12). Several studies have used the combination of 
mortality and LOS to measure the quality and efficiency of 
healthcare services, respectively (12).

According to the Iranian Ministry of Health (MoH), in 2016, 
the rate of MRI and CT scanners was 3.7 (n = 297) and 6.5 (n 
= 524) per one million population, respectively, which is sig-
nificantly less than that of the Organization for Economic 
Co-operation and Development (OECD) countries (13, 14). It 
is noteworthy that the distribution of these devices in the 
country is asymmetric so that about one-quarter of MRI and 
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CT scanners are installed in the capital city of Tehran (own-
ing 10 percent of the total country population). Moreover, in 
Tehran, about one-third of MRI and CT scanners are located 
in two municipal regions, so that six areas are entirely de-
prived (13).

In recent years, some changes have taken place in the 
Iranian healthcare system that have affected access to 
various medical equipment, including increasing the en-
gagement of the private sector in the medical equipment 
regionalization regulations (since 2010) and the imple-
mentation of the health transformation plan (since 2013). 
These changes not only have boosted access to AMTIs but 
also have improved their distribution. However, the po-
tential effects of these reforms on hospital care efficiency 
and quality are not still clear. Hence, evaluating the effect 
of AMIT on the patient care outcomes is expected to help 
managers and policymakers in: better management of 
such devices, improved efficiency, and quality of hospital 
care, and increased access to these services.

2. Objectives
Accordingly, the current study aimed to, firstly, investi-

gate the inpatient CT and MRI utilization and, secondly, 
their effect on care outcomes, including inpatient mortal-
ity and LOS, in general, university hospitals located in the 
city of Tehran.

3. Methods

3.1. Study Setting
In 2017, there were 42 university hospitals in the capital 

city of Tehran, all of which were included in this study. 
Nonetheless, to calculate the hospital standardized mor-
tality ratio (HSMR), 27 sub-specialized hospitals were 
excluded, such as those providing specialized services 
related to cancer, cardiology, and pediatric, and chronic 
care, because they serve patients with highly different 
case mix. Therefore, a total of 15 hospitals were included.

3.2. Data Collection
To calculate HSMR, access to patients’ sociodemographic 

and clinical characteristics is necessary, including age, sex, 
LOS, type of admission, comorbidity category, diagnosis 
codes assigned to each patient in the seventy-two diag-
nosis groups. Hence, these data were collected using the 
Hospitals’ Information systems (HIS) from patients’ medi-
cal records. Furthermore, data on the use of MRI and CT 
were collected from the hospitals’ statistics centers (HSC). 
Furthermore, the number of hospital beds and specialties, 
number of patients and physicians, and

hospital revenue were obtained from the MoH. Data re-
lated to the number of people living in each region was 
obtained from the National Statistics Center (NSC).

3.3. Variables and Statistical Measurement
The number of MRIs and CTs prescribed per each 100 dis-

charged patients was considered as the use of MRI and CT, 

which was defined as an independent variable, while the 
HSMR and the ALOS were envisaged as the dependent vari-
ables. HSMR is an adjusted hospital mortality index draw-
ing on age, sex, diagnosis group, comorbidity, LOS, type of 
admission, and transferred patients to or from the hospi-
tal. This index enables the comparison of mortality rates 
between hospitals or in the same hospital over time. The 
HSMR was calculated based on the methodology used by 
the Canadian Institute for Health Information (CIHI) (15) to 
control the potential confounding effect of demographic 
and clinical characteristics of patients on the hospital mor-
tality rate. For each hospital, the HSMR is equal to the ratio 
of observed deaths to the expected deaths (×100), for those 
diagnosis groups leading to 80 percent of hospital deaths 
(15). The expected total death was considered as the sum of 
death probability for each hospitalized patient. The Logistic 
regression model was used to calculate the expected deaths. 
For each of the 72 diagnosis groups, which accounted for 
80% of total hospital deaths, a logistic regression model was 
fitted with different predictors, including LOS, admission 
type, comorbidity level, sex, and age.

The ALOS was calculated by dividing the number of bed 
days by total number of discharges in all hospitals during 
the study year. In this study, the number of beds, number 
of hospital specialties, number of physicians per bed, teach-
ing status of the hospital, hospital revenue, patients’ num-
ber, regional population, and the expected average length 
of stay (EALOS) were considered as control variables.

Expected length of stay (ELOS) was calculated using a re-
gression model, in which the log of LOS was expressed as a 
linear function of case-mix group (CMG), age factor, comor-
bidity factor, sixteen flagged intervention factor, interven-
tion event factor, and possible interactions (16). Initially, 
the ELOS of each inpatient was first estimated, then EALOS 
it was calculated for each hospital. The EALOS was used as a 
control variable in the analysis.

In view of the different scales of independent and control 
variables, they were standardized before linear regression 
was used. Variables measured at different scales did not 
contribute equally to the analysis and might end up creat-
ing a bias. Data standardization procedures were equalized 
to the range and data variability. The Skewness of the data 
were handled by logarithm transformation, and the depen-
dent variable was log-transformed.

Pearson correlation coefficient was used to determine the 
association between independent and control variables, 
which revealed a strong association. The variance inflation 
factor (VIF) was used to identify the degree of multicol-
linearity in the multiple regression model. The variable of 
the number of specialties in the hospital had a high value of 
VIF (i.e., > 10); therefore, this variable was removed to correct 
multicollinearity.

4. Results

4.1. Descriptive Results
There was a wide range of differences in the utilization of 

CTs and MRIs among the hospitals in 2017 per 100 discharg-
es, ranging from 0.39 to 149.35 and 0.24 to 80.23, respective-
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ly. As such, the ALOS ranged from 3 to 8.46 days among stud-
ied hospitals. The HSMR in the hospitals ranged from 76.8% 
to 146% (Table 1). For about half of the studied hospitals, the 

number of observed deaths was higher than the expected 
value (Figure1). In one-third of the hospitals, the ALOS was 
higher than the EALOS (Figure 2).

Table 1. Descriptive Statistics of Inpatient Use of CT and MRI Devices, Mortality and LOS, 2017

Variable Max Min Mean SD

Total no. of discharges 38328 7475 22327 8933

No. of CT scans per 100 discharges 149.35 0.39 50.98 41.83

Number of MRI scans per 100 discharges 80.23 0.24 15.76 21.11

Hospital standardized mortality ratio, % 146.04 76.80 99.16 19.04

Crude mortality rate, % 4.82 1.13 2.92 1.19

Avg. length of stay 8.46 3 5.14 1.69

Expected avg. length of stay 6.86 4.77 5.50 0.49

Figure 1. Hospital standardized mortality ratio of studied general university hospitals, 2017.

Figure 2. Average length of stay and expected average length of stay in Tehran general university hospitals, 2017.
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4.2. Regression Analysis Results
Multiple linear regression analysis was used to inves-

tigate the effect of MRI and CT utilization on the HSMR 
(Table 2). According to the findings, the use of MRI and 
CT had no significant effect on the HSMR. There was also 
no significant difference in the HSMR in terms of the 
regional population and the structural characteristics 
of the hospital, including the number of beds, number 

of specialties in the hospital, teaching status, number 
of patients, number of physicians per bed, and hospital 
revenue (P-Value > 0.05). No significant association was 
observed between the ALOS and the use of MRI and CT 
in hospitals (Tables 3). Furthermore, none of the control 
variables, including regional population, EALOS, hospital 
revenue, number of patients, number of physicians per 
bed, number of specialties in the hospital, and number 
of beds, had a significant effect on the ALOS.

Table 2. Results of Regression Analysis for the Effect of CT and MRI Use on the HSMR, 2017

Variables Estimate (B) SE P-Value

Intercept 95.213 12.892 0.000

Number of CT per 100 discharges 0.001 0.001 0.377

Number of MRI per 100 discharges -0.002 0.002 0.492

Number of beds -13.452 15.907 0.430

Number of Physicians per bed 1.455 12.221 0.909

Number of beds -13.452 15.907 0.430

Number of patients 1.402 8.350 0.872

Hospital revenue 0.768 10.138 0.942

Teaching status -12.844 24.082 0.613

Regional population 6.125 13.544 0.667

Table 3. Results of Regression Analysis for the Effect of CT and MRI Use on the ALOS, 2017

Variables Estimate (B) SE P-Value

Intercept 1.56154 0.07901 < 0.001

Number of CT per 100 discharges -0.02763 0.17096 0.8769

Number of MRI per 100 discharges 0.16575 0.15959 0.3390

Number of Physicians per bed 0.06247 0.08978 0.5126

Regional population 0.12655 0.10221 0.2619

Revenue hospital 0.15072 0.08468 0.1254

Teaching status 0.20114 0.28143 0.5016

Number of patients 0.02696 0.10530 0.8065

EALOS 0.19996 0.09237 0.0736

5. Discussion
Given the valuable information provided by diagnos-

tic services for clinical decision-making and their high 
cost, the current study intended to investigate the effect 
of using advanced imaging devices (e.g. CT and MRI) on 
the key care outcomes. There was a large variation in the 
inpatient CT and MRI utilization between the studied 
hospitals, which might partly be associated with the dif-
ferences in the accessibility and socioeconomic factors 
(17). It can also be attributed to differences in demograph-
ic factors such as age and regional population as well as 
reimbursement policies (18). For instance, a survey in 
Taiwan showed that supply-side factors such as hospital-
based physician and the insurance payment can affect 
the CT and MRI utilization more than demand factors like 
population ratio, female ratio, and family income (19). 

This variation in the utilization rate may not certainly re-
flect the inappropriate use of CT and MRI. in order to de-
termine what constitutes overuse and underuse, data on 
variation must be linked to information on indications, 
clinical outcome, risks, and costs (17).

Also, according to the findings, the use of CT and MRI 
devices did not have a significant effect on outcomes, in-
cluding HSMR and ALOS, in the studied hospitals. As HSMR 
and ALOS are key indicators of health care quality and 
efficiency, it can be argued that increased utilization of 
AIMT did not cause any improvement in study outcomes, 
which is consistent with results of previous studies (10, 
20, 21). A similar argument can be noted for hospitals 
without AMIT, which usually refer their patients to other 
centers to receive CT and MRI-related services. Further-
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more, in hospitals with at least one MRI and CT scanner, 
there was also no significant association between the use 
of CT and MRI and the ALOS of stroke patients, nor with 
the mortality rate and the ALOS of patients with respira-
tory disease (10). In the same vein, a study on patients 
admitted to the emergency department of a hospital in 
Ireland reported that patients who received MRI had a 
significantly higher rate of mortality and LOS. For each 
unit increase in waiting time for MRI, the LOS increased 
by 1.12 days (20). We found no association between non-
invasive cardiac imaging in patients with suspected myo-
cardial infarction and readmission rate in the hospital, as 
an indicator for care outcome, was established (21).

However, few studies reported that higher use of AMIT 
in hospitals may result in improved quality of healthcare 
services (i.e., less mortality) and higher efficiency (short-
er LOS) (2, 10, 22). A study conducted at Ontario (Canada) 
hospitals that in hospitals with at least one CT and MRI 
device, a 10% increase in CT use resulted in reduced mor-
tality by about 1% among medical (non-surgical) patients, 
and 1% increase in the use of MRI was associated with de-
creased deaths among patients with stroke by 1% - 2.4%, 
depending on the number of available devices. This Ca-
nadian study is performed on 127 hospitals and three 
groups of patients, including medical patients and two 
groups of medical patients with respiratory diseases and 
stroke (10).

In another study on 102 hospitals in the USA, the more 
utilization of CT and MRI ended up in less mortality and 
lower costs (2). Both studies defined the hospital as the 
unit of analysis and have investigated more than 100 hos-
pitals. On the other hand, the present study only includ-
ed general university hospitals due to limitations related 
to data availability, which probably have declined the sta-
tistical power of the models to detect the potential differ-
ences. Another study on patients admitted to a tertiary 
care hospital indicated that early imaging with MRI and 
CT scanners on the day before or the day of admission 
was significantly associated with shorter LOS (22). Several 
studies on patients in specific diagnosis groups showed 
the positive effect of CT and MRI on the quality of life and 
survival of patients (23, 24).

According to the best knowledge of the authors, no 
previous study has considered the hospital as the unit of 
analysis. That is, mostly considered patients in specific di-
agnosis groups in a hospital. Therefore, they had a great-
er ability to control confounders. Meanwhile, in the pres-
ent study, the hospital was defined as the unit of analysis. 
The confounding factors were substantially controlled by 
categorizing patients in 72 diagnosis groups, calculating 
the HSMR, and controlling the effect of patients’ clinical 
and demographic characteristics on mortality, in addi-
tion to considering the hospital characteristics and envi-
ronmental factors as control variables.

Conceptually, the appropriate use of imaging technolo-
gies should result in better outcomes (25). Appropriate-
ness of diagnostic imaging services can be evaluated 

using controlled randomized trials (RCTs) or concepts 
such as quality-adjusted life years (QALYs) (25), as well as 
research and development (RAND) methodology (7, 8). 
Although we could not directly evaluate the appropriate-
ness of provided CT and MRI services for Inpatients, but 
the appropriateness of advanced imaging services for 
inpatients was evaluated indirectly. As the utilization of 
AIMT did not show statistically positive results, the inap-
propriate and unnecessary use of these services might 
be highlighted. Other studies conducted in Iran also 
pointed to the unnecessary and inappropriate use of CT 
and MRI services (6-8). For instance, about half of patients 
referred for low back pain (LBP) had no indication for im-
aging, and about 37% of patients with mild head trauma 
(MHT) who were referred to the emergency department 
had no indication for CT scan (6). Furthermore, in the 
same vein, another study reported that 65% of provided 
MRI services to LBP patients were inappropriate (7). Also, 
about half of patients with knee pain underwent an 
unnecessary MRI in some hospitals in the country (8). 
Studies conducted in the USA reported that 20% - 50% of 
advanced imaging services were inappropriate and un-
necessary in terms of providing valuable information for 
either diagnosis or treatment of patients (4). According 
to a report issued in 2011, 35% of provided MRI services in 
the USA were unnecessary (5). Negative effects of unnec-
essary use of advanced imaging services on the quality 
and cost of healthcare services, including undesirable 
exposure to radiation, false positive and negative results, 
delayed diagnosis, and inefficient resource allocation, 
have been widely recognized in the literature (10).

In Iran, the MoH is the key player in regulating the dis-
tribution of ADI equipment. However, this role remains 
limited mostly to issuing the purchase and/or import 
licenses of such equipment (13). It is noteworthy that 
health insurance funds do not play a significant role in 
this process. In other words, due to the poor referral sys-
tem, lack of well-developed clinical guidelines, and prob-
lems related to the payment system, there is no control 
over the use of MRI and CT services in Iran (13).

5.1. Study Limitations
It is necessary to mention some limitations and biases 

of our study. First, we only investigated general universi-
ty hospitals in the city of Tehran (fifteen hospitals), which 
has reduced the statistical power of developed models to 
detect differences. Second, there were variations between 
hospitals, which probably has led to systematic differenc-
es in processes between hospitals that in turn resulted in 
systematic HSMR variations.

5.2. Conclusions
This study demonstrated a large variation in the utiliza-

tion of CT and MRI services across investigated hospitals. 
In addition, increased utilization of such technologies 
was not necessarily associated with reduced LOS and 
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mortality. This study also indirectly evaluated the ap-
propriateness of providing such services for inpatients. 
It can be argued that inappropriate and unnecessary use 
of these services has influenced the study results. Effec-
tive utilization management of AMIT, such as CT and MRI 
scanners, requires transparent regulations with an asser-
tive commitment towards the diffusion and use of these 
technologies.

Moreover, not only it is necessary to revise the currently 
deployed payment system, but also the development of 
appropriate reimbursement mechanisms and effective 
service coverage is of crucial importance. Moreover, par-
ticular emphasis should be given to the development of 
clinical guidelines with the support and cooperation of 
health insurance funds. HSMR is a powerful tool to evalu-
ate the quality of care across hospitals and for a particular 
hospital over time, which was calculated for university 
hospitals in the present study. The study results are an-
ticipated to help healthcare managers, and policymakers 
effectively manage the use of such equipment, improve 
the efficiency and quality of hospital care, and enhance 
access to such services.
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