
© 2014 Zengul et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Innovation and Entrepreneurship in Health 2014:1 13–26

Innovation and Entrepreneurship in Health Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
13

R E v I E w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/IEH.S63131

Technological innovations and hospital 
performance: a systematic review of the literature

Ferhat D Zengul1

Robert weech-Maldonado1

Grant T Savage2

1Department of Health Services 
Administration, 2Department of 
Management, Information Systems and 
Quantitative Methods, University of 
Alabama at Birmingham, Birmingham, 
AL, USA

Correspondence: Robert weech-
Maldonado 
Department of Health Services 
Administration, University of Alabama  
at Birmingham, 1720 2nd Ave S, SHPB 
558, Birmingham, AL 35294, USA 
Tel +1 205 996 5838 
Fax +1 205 975 6608 
Email rweech@uab.edu

Abstract: Given the ongoing concerns about health care quality and costs during the 21st 

century, significant attention has been focused on the clinical and financial performance of US 

hospitals. On one hand, hospitals have been adopting various clinical technologies to improve 

their clinical quality and financial performance. On the other hand, there is no comprehensive 

study that has examined the research evidence on the relationship between clinical high technol-

ogy and hospital performance (clinical and financial). This systematic literature review attempts 

to account for the technology–performance link in US hospitals by focusing on clinical technolo-

gies and services. The review confirms the paucity of research on this topic and reveals that there 

are mixed findings across research studies. It also provides directions and recommendations for 

future research by identifying major gaps in the existing literature.
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Introduction
US hospitals have been facing increasing challenges to improve their clinical and 

financial performance. Some of these challenges arise from efforts to control increas-

ing hospital costs. As a result of legislative pressures, pay-for-performance initiatives, 

quality-enhancement measures, and various other external pressures, hospitals are 

searching for ways to improve their performance. Since technology represents a high 

proportion of hospital capital investments, it has long been identified as a major con-

tributor to both clinical and financial performance.

Hospital technology, for the purposes of this paper, is defined as high-technology 

clinical equipment and services that are designed to solve certain human health prob-

lems, to improve human health conditions, or to improve the precision of diagnosis 

(eg, high-tech medical/surgical intensive care, electron beam computed tomography, 

etc).1 About 50% of hospital capital investment is spent on technology-improvement 

initiatives.2 Importantly, the adoption of new technologies, including both big- and 

small-ticket items, and the increased use of existing technologies are responsible for 

30%–75% of the health care costs in the United States.2–7 Technological advancements 

also are a major contributor to better clinical performance in hospitals. For example, 

hospital technologies such as minimally invasive surgeries and cardiac catheterization 

have improved quality of care by reducing recovery time and mortality rates.8,9

There are significant challenges for researchers who want to investigate the causal 

links between hospital technology and clinical and financial performance. Exploring 

this relationship is not a trivial exercise. It requires, among other factors, accounting 

for the socioeconomic and demographic variance among patients, the variances in 
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payers’ reimbursement and regulatory policies, as well as the 

various diseases diagnosed and treated by hospitals. Given 

the complexity of the health care context and the complexity 

of the relationship between hospital technology and perfor-

mance, we believe it is critical to evaluate the state of existing 

research to determine the knowledge gaps and inform future 

research agendas.

This study addresses this need by systematically review-

ing the literature on the relationship between hospital tech-

nology and performance. In this study, hospital performance 

refers to both clinical and financial performance. This review 

focuses only on clinical technologies and services; health 

information technology, with its own substantial body of 

research, is outside the scope of this study. When adopting 

new clinical technologies, hospital decision makers focus 

on two rationales: the expected improvement in clinical 

performance, and the expected positive impact on financial 

performance. Therefore, the intent of this literature review 

is to provide systematically aggregated information on the 

clinical and financial performance implications of clinical 

technologies for hospital decision makers.

To better inform hospital executives, we focus on 

organizational-level performance, rather than departmental- 

or unit-level performance, for two reasons. First, although 

there are a large number of studies that focus on individual 

clinical technologies and departmental-level performances 

(eg, cost–benefit analyses of individual technologies), these 

studies typically do not look at the organizational implications 

of high-tech services. Second, organizational performance 

does not only depend upon unit/departmental performance, 

but also on other factors (eg, external competition, regula-

tory costs, unfunded legislative mandates, etc). In other 

words, organizational performance cannot be defined as the 

aggregate of various departments’ performances; rather, 

organizational performance is achieved through the inter-

action of technologies with individuals, departments, other 

organizations, and various other external forces, including 

both governmental and other regulatory bodies.

New contribution
This review examines the empirical studies that have inves-

tigated the impact of hospital technologies on organizational 

performance, both clinical and financial. There are four 

ways in which this review differs from previous reviews 

on this topic. First, it particularly focuses on high-tech 

clinical services and attempts to account for the relation-

ship between these services and hospital performance. In 

this review, hospital performance is considered a dependent 

variable and technology an independent variable. Most other 

studies (eg, diffusion of innovation or technology adoption 

studies)10–19 have focused on technology as the dependent 

variable. By focusing on technology as an independent 

variable, this review attempts to bring attention to this less 

explored area of study while also viewing technology as a 

strategic asset. Second, it addresses a need to evaluate the 

strategic implications of high-tech services, accomplished 

by focusing on organizational-level performance rather 

than unit- or departmental-level performance. Third, this 

review draws upon Spetz and Maiuro’s1 typology (focused 

on hospital technology measurement) and extends it by 

focusing on the relationship between hospital technology 

and performance. Finally, this review integrates traditional 

literature review processes (eg, manual searches of bibli-

ographies) with a systematic review process to improve its 

comprehensiveness.

Analytical framework
As seen in Figure 1, the main objective of this review is to 

examine the relationship between hospital technology and 

organizational performance (clinical/financial).  Especially 

for the clinical performance dimension of our analyti-

cal framework, this review is informed by Donabedian’s 

structure–process–outcome framework.20–22 We emphasized 

the technology–clinical performance (quality) link in our 

framework since the impact of technology is considered 

within the structure dimension of Donabedian’s structure–

process–outcome framework. The rest of the details of this 

analytical framework are based on the following four main 

research questions:

1. What are the major findings in regards to the relationship 

between hospital technology and financial/clinical quality 

performance?

2. What types of research designs were used in these 

studies?

3. What types of hospital technology measures were used 

in these studies?

4. What types of hospital financial/quality performance 

measures were used?

Methods
The search process included several steps. First, we identi-

fied relevant papers as those that were US-based empirical 

peer-reviewed studies that investigated the relationship 

between high-tech clinical services (equipment) and hospi-

tal performance, particularly clinical quality and financial 

performance. Non-US publications were excluded because 
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of differing regulatory and market environments in other 

countries. Single-hospital studies were also excluded due to 

the limited generalizability of their findings.

Second, search terms were identified based on the authors’ 

own expertise, two books on medical technology,2,23 several 

seminal articles on health care technology,1,24–26 and several 

seminal articles on quality and financial performance.21,27,28 

After conducting a pilot search in PubMed and searching the 

PubMed MeSH terms, the following keywords and phrases 

were used in this review: 1) for the technology dimension – 

“hospital”, “technology”, “high-tech”, “equipment”, “service 

line”, “service mix”, “service offering”, “full service”, and 

“hospital service”; and 2) for the performance dimension – 

“quality”, “mortality”, “readmission”, “outcome”, “hospital 

performance”, “performance”, “cost”, “financial perfor-

mance”, and “financial”.

Third, multiple searches were performed by using the 

keyword combinations in four data search engines (see 

Figure S1 for keyword combinations). To improve the man-

ageability and relevancy of the results, several filters were 

used to limit publications to those that: 1) were published in 

English between 1980 and July 2012; and 2) had key words 

in the abstract and/or title. A total of 21,682 articles were 

retrieved from these searches including 12,361 from PubMed; 

6,527 from the Web of Science; 994 from Business Source 

Premier; and 1,800 from the Cumulative Index to Nursing 

and Allied Health (CINAHL). Thomson Reuters’ EndNote 

was used to aggregate the search results and to screen for 

duplicates. After eliminating the 7,046 duplicate articles, 

initial results returned 14,636 articles.

Fourth, to improve the search/selection/retention process 

and achieve the ultimate focus of this review, a priori-

determined exclusion/inclusion criteria were applied at 

three stages: 1) criteria stage one removed publications that 

were not relevant to hospital performance (ie, financial or 

clinical); 2) criteria stage two screened features of publi-

cations according to a priori criteria (ie, paper type, unit 

of analysis, location, and relevancy); and 3) criteria stage 

three confirmed the presence of clinical technology, hospital 

performance measures, and the relationship between these 

two variables.

Figure 2 summarizes the selection process for identifying 

published studies that investigated the relationship between 

hospital technology and performance. After applying the 

three-staged inclusion/exclusion criteria and adding manu-

ally searched articles, the number of articles for full-text 

review was reduced from 14,636 to 288. Following a full 

text review, 24 publications were abstracted. To strengthen 

the review search process, the reference section of each 

abstracted publication was also screened for the inclusion 

of any potentially relevant publication that might have been 

missed during earlier steps. Two additional articles were 

included among the abstracted ones, resulting in 26 empirical 

articles for this review study.

Results
The results of this literature review of hospital technology 

and performance are summarized in Table 1 (financial perfor-

mance) and Table 2 (clinical performance). Overall, the studies 

showed mixed results. This is not surprising since the reviewed 

Clinical and financial
performance 

Hospital
technology  

Definition of
technology,
measures,

operationalization  

Measures of hospital
performance 

Methods
used,

relationships
and findings

 
 

Figure 1 Analytical framework for the relationship between hospital technology and performance.
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studies use a variety of technology and performance measures, 

as well as different analytical methods. Moreover, technology 

was not the main focus in most of these studies; instead, tech-

nology measures were typically included as a control variable 

within a study investigating another research topic.

There were also differences across the research 

studies in terms of their measures of hospital technology 

(Tables 1 and 2). Out of the 26 publications, seven used 

one or two technological services as a marker of hospital 

technology;29–35 14 publications used an index of three or 

14,636

Search results/
number of 

publications 
Description of results (    )/processes (↓)

Initial search/remaining publications after duplicates removed 

1,438

13,198 – Initial review (title and abstract) – exclusion/inclusion criteria
stage one (CS-1) removal of publications (those are not relevant to
‘hospital performance’) 

Retained publications (potentially relevant) for further review  

1,166 – Publications excluded*  criteria stage two (CS-2) reasons

735 – Paper type (review, case, report, methods, commentary, editorial) 

135 – Unit of analysis (not hospital)/study population (eg, single hospital,
specific hospital department, Chief Executive Officers, Board chairs …) 

133 – Location (non-US) 

163 – Non-relevant according to a priori criteria (as a result of this initial
screening, studies with the following features were excluded: not investigating
hospital clinical technology or quality or financial performance)
(eg, studies investigating information technology, hospital board
characteristics, uncompensated care, assessment of individual health
technology, home health …. )

272 Retained publications (potentially relevant) for further full-text review 

16 – Adding manually searched and selected publications and removing
duplicates (manual search: from references of abstracted publications
[2], and review articles [14]) 288 unique titles/

abstracts identified

26 publications abstracted
(18 clinical performance, 
8 financial performance) 

246 – Publications excluded* as a result of full-text review. Criteria
state three (CS-3) reasons

223 – No high-tech (no high-tech measure used in the study)
31 – No hospital performance measure (no clinical or financial outcome variable)
8 – No reported association (between technology and performance) 

Figure 2 Selection of publications investigating the relationship between hospital technology and performance.
Note: *Exclusions are not mutually exclusive.
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more technological services;36–47 and five publications, all 

with a nursing focus, used the Saidin index, a special high-

tech index that takes into account both the breadth and rare-

ness of high-tech services.48–52

Eight studies investigated the technology–financial per-

formance link, again with differing research designs, sample 

sizes, and study periods (Table 1), and mixed results. Four 

of the eight studies analyzed longitudinal data.25,28–30 On one 

hand, a cross-sectional study found a positive relationship 

between a technology index and financial performance (return 

on assets [ROA] and total margin);36 on the other hand, a lon-

gitudinal study found a nonsignificant relationship for ROA 

and operating expenses as financial performance measures.48 

Both studies developed their technology indices by using the 

American Hospital Association’s annual survey. Both studies 

also used similar profitability measures as dependent vari-

ables such as total margin, operating margin, and ROA.

Some of the results indicate an association between the 

availability of technologies and higher costs at hospitals. For 

example, a cross-sectional study that used a cardiac intensive 

care unit and a medical intensive care unit as markers of tech-

nological sophistication found that hospitals with a cardiac 

intensive care unit/medical intensive care unit were in the 

highest cost quartile for congestive heart failure/pneumonia.29 

Similarly, a cross-sectional study found that hospitals classi-

fied at the lowest risk-adjusted cost quartile for acute myo-

cardial infarction, congestive heart failure, and pneumonia 

were less likely to have an intensive care unit.30

There were 18 studies analyzing the association between 

hospital technology and clinical performance, also with 

mixed results (Table 2). The majority (70%) of studies in 

Table 2 used cross-sectional designs, with sample sizes 

ranging from 54 to 4,401 hospitals. Mortality rate was one 

of the most frequently used outcome measures. Overall, 

of the nine studies that used mortality as an outcome, four 

studies found no significant relationship; four studies found 

significant and negative relationships; and one study found 

a significant and positive association between high-tech 

medical services and mortality rates. Two cross-sectional 

studies41,49 and one longitudinal study44 found nonsignificant 

relationships for mortality rates. Two cross-sectional studies 

found significant and negative associations between hospital 

technology and mortality rates,42,47 while a longitudinal study 

found significant and positive association by using ordinary 

least squares.52 For the technology–mortality link in high-

managed-care-penetrated markets, a longitudinal study found 

significant and positive association by using ordinary least 

squares, and a significant and negative association by using T
ab
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a within-group fixed effects model.51 For the relationship 

between technology and mortality from acute myocardial 

infarction, a cross-sectional study found a significant and 

negative association.34

Results were also mixed for the link between technol-

ogy and failure to rescue. For example, a cross-sectional 

study employing the Saidin index found a nonsignificant 

association;49 in contrast, a longitudinal study using 

technology measures based upon organ transplantation 

and open-heart surgery found a significant and negative 

association.31

Discussion and future directions
In this systematic review, we summarized the findings from 

26 empirical studies on the relationship between hospital 

technology and performance in the US. Several findings 

were revealed. First, the studies exhibited mixed and, in 

some cases, contradictory results regarding the relationship 

between hospital technology and performance (clinical and 

financial). In particular, this was observed for mortality 

(clinical measure) and ROA (financial performance measure). 

However, the variation in technology measures and study 

designs limits the comparability across studies. Therefore, 

based upon this review, there is no clear evidence for either 

positive or negative relationships between high-tech services 

and hospital performance.

Second, the number of empirical studies investigating the 

relationship between hospital technology and performance 

is very limited. Of the 26 abstracted publications, technol-

ogy was the focus in only two of these studies36,37 and only 

eight studies included financial performance measures. 

Given the increasing adoption of technological innovations, 

further research is needed to understand the implications 

of technology adoption on hospitals’ clinical and financial 

performance.

Third, the generalizability and comparability of these 

26 studies are constrained due to some methodological 

limitations. For example, the generalizability of the findings 

of two technology-focused publications were limited since 

one study37 relied solely on cross-sectional survey data, while 

the other study36 relied on cross-sectional data from only 

one state (Florida).

In summary, more evidence is needed to clarify the 

technology–performance link, especially when hospitals 

may be moving into another medical arms-race era.53 In the 

medical arms-race era prior to the prospective payment sys-

tem in 1983, hospitals exhibited uncontrolled and unplanned 

competitive behaviors by adopting various services and tech-

nologies to attract patients and physicians.39 Such competitive 

behavior may not only increase health care costs, but may also 

substantially reduce the financial performance of hospitals. 

Trinh et al39 found that high-tech service duplication in a 

hospital market was associated with higher costs and lower 

operating margins. However, they also found that high-tech 

service duplication was associated with higher occupancy 

rates, indicating the legitimacy of strategically using technol-

ogy to attract patients. Therefore, future research should not 

only examine the relationship between hospital technology 

and performance, but should also provide managers with 

insights into achieving a balance between the costs and 

benefits of hospital technologies. Besides the aforementioned 

future direction, we also have several recommendations for 

future studies.

The first recommendation pertains to the recognition of 

the intricate relationship between hospital technology and 

performance, and the development of strategies to effectively 

measure these independent and dependent variables. One of 

the difficulties in evaluating the influence of technology on 

hospital performance is accounting for the many confound-

ing organizational, operational, and market characteristics. 

Moreover, as a structural component, the outcomes of hos-

pital technologies are moderated/mediated by the processes 

of care. Processes of care and operations are provided by 

the human capital of the organization. Therefore, future 

studies should consider more robust research designs that 

acknowledge both human and operational characteristics 

of organizations, in addition to market and organizational 

characteristics.

The second recommendation is with respect to the 

development of hospital technology measures. Our review 

confirmed Spetz and Maiuro’s1 conclusion about the lack 

of standardized methods for defining, conceptualizing, and 

measuring hospital technology (Tables 1 and 2). Hospital 

technologies have been defined and conceptualized in various 

ways that span from one technology as a marker to sophis-

ticated technology indices, such as the Saidin index. Not 

having reliable and consistent technology measures makes 

it very difficult to draw inferences, generalize findings, and 

perform comparisons across studies. Therefore, future stud-

ies should test the reliability and strengths/weaknesses of 

existing technology measures in different settings and study 

periods, and adapt existing technology measures as new 

technologies arise.

The third recommendation calls for examining the orga-

nizational and societal implications of hospital technologies. 

Societal implications of hospital technologies, such as welfare 
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benefit or loss, build upon organizational and individual 

impacts of those technological services. However, these soci-

etal implications may not be the simple cumulative forms of 

organizational/individual impacts. For example, in order to 

understand the societal cost implications of technologies, 

one should consider also the market forces. Newhouse, in his 

seminal 1992 article, identifies medical technologies as the 

largest contributor of rising health care cost in the United States 

after discussing several other plausible options. He supports his 

claim by pointing out the fact that the largest portion of rising 

health care cost is attributed to hospital expenditures, and tech-

nological change seems to represent the bulk of these hospital 

expenditures.3 Others argue that the societal benefits of hospital 

clinical technologies exceed their costs.4,54,55 Regardless of the 

position one may take, further research is needed to understand 

both the organizational and societal cost–benefit implications 

of hospital-based clinical technologies.

The fourth recommendation relates to the availability 

and dissemination of the hospital technology–performance 

research. Currently, the United States lacks a coordinated 

technology planning and assessment process.56 The efficient 

use of the nation’s limited resources may be impeded by the 

uncoordinated adoption of high-cost medical technologies. 

A hospital’s adoption decision for a technology independent 

of another hospital might cause service duplication in the 

market, which may translate into underutilization, excess 

capacity, and operational and financial inefficiencies. The 

Affordable Care Act provides increased funding for training 

and research on the comparative effectiveness of different 

technologies. Increased availability and dissemination about 

the pros and cons of medical technologies has the potential 

to improve the market efficiency.

The fifth recommendation focuses on improving hospital-

based clinical technology data collection and methods. 

The development of high-quality information requires the 

availability of high-quality data for analysis. Hospital per-

formance researchers build their research according to their 

research objectives and the availability of data. However, the 

increasing number of sophisticated clinical technologies and 

the problems with cross-sectional data collection methods 

make it difficult to find reliable data, especially on hospital-

based clinical technologies.1 Thus, future policies should also 

address the generation of reliable data sources to improve 

knowledge about the relationship between hospital-based 

clinical technology and performance.

This review has several limitations. First, since clinical 

technology was not the main predictor of interest for most 

of the abstracted publications, we may have missed articles 

in which technology was not recognized in either the title 

or the abstract. Second, limitations might have arisen as a 

result of the keyword selection, search engines, or the search 

process itself. However, we attempted to diminish this bias 

by adding the review of manually selected publications from 

the bibliographies of two related books, including several 

review articles, and subjecting the abstracted articles to 

the snowball technique in an attempt to identify studies. 

Third, because this review article focused only on hospi-

tals’ clinical quality and financial performance, it does not 

address the consumer’s perceptions about quality. Given the 

importance of consumer perceptions about high-technology 

clinical services, future reviews may consider focusing 

on consumer’s perceptions of quality and investigate the 

relationships between high-technology clinical services 

and hospital performance.

Despite these limitations, this is the first review that 

attempts to summarize the literature on the relationship 

between hospitals’ clinical technology and performance at 

the organizational level. Although there are many studies 

that investigate the cost–benefit implications of individual 

technologies, organizational-level research on the net benefits 

of high-tech services vis-à-vis their costs is limited. Given the 

strategic importance of hospital-based clinical technology, 

further research is needed to inform policymakers about their 

impact on organizational costs and quality.
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