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Abstract 
Background: In the provision of medical facilities, intensive 
care units are very critical and it seems almost difficult to use the 
new therapeutic strategies without Intensive Care Unit (ICU). 
There are two types of ICU structure, known as the open or closed 
model. The aim of this study was to assess the variables driving 
the selection of the appropriate ICU management structure 
and modeling of the appropriate ICU management structure. 
Methods: This descriptive-exploratory study was performed among 
all resident doctors, consultants, therapists and neurosurgeons, 
ICU specialists, internal medicine specialists, respiratory diseases 
specialists, heads of associated units and head nurses, neurosurgery 
ICU workers and staff, and doctors of the Loghman Hakim Hospital 
in Tehran, Iran in 2018. The influence of independent variables on 
dependent variables and the effect of observed variables on latent 
variables were tested using the Structural Equation Technique (SEM 
technique) and the data collected in the LISREL program was analyzed. 
Results: This research included one hundred persons, including 
91 men and 9 women. The factors affecting the performance and 
structure of the ICU were structural context (including open, semi-
closed, and closed structure), organizational context, strategic context, 
treatment economics context, processes, and quality improvement. 
Conclusion: There is a good association between quality management 
and the application of the closed system of the ICU and each of the 
organizational, strategic, care economics, and processes factors.
Keywords: Hospital units, Intensive care unit, Physicians, Quality 
Improvement, Specialization
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Introduction
Today, intensive care units are very important in 
providing medical services and it seems almost 
impossible to use the latest treatment methods 
without ICU. That is why hospitals have increased 
the number of ICU beds over time. At the same 
time, due to the complex and unique equipment and 
special capabilities required in the intensive care 
units, the cost of developing and maintaining these 
units is of particular importance. One of the effective 
factors in increasing the efficiency and effectiveness 
of intensive care units is the management of these 
departments (1-5). 
There are several methods for managing intensive 
care units, often chosen based on local experience 
and local factors, and less dependent on the cost-
effectiveness system. There are three structures of 
the ICU, referred to as the open, closed, or hybrid 
ICU model (3,5). 
In the open model, ICU patients are managed and 
treated by a non-intensivist. This person can seek 
advice from an intensivist at his/her own discretion. 
This often leads to conflicting treatment strategies. 
Besides, responsibility and accountability are shared, 
and no physician assumes ultimate responsibility for 
patient care. Such a system is not cost-effective and 
is not conducive to achieving optimal patient care. 
The intensivists’ role in open ICU management is 
to try to strike a balance between all the services 
involved in patient care and also to prevent the 
patient from missing or “falling through the cracks” 
due to shared care (2). 
Closed units are units in which the intensivist 
controls all admissions and discharges and is fully 
responsible for all aspects of patients’ treatment and 
quality of health care (6). Key elements of Leapfrog’s 
recommendations for intensivist physicians are that 
all ICU patients are managed by the intensivist or 
co-managed with the intensivist (7). As a result, 
frequent delivery of shifts leads to disconnection 
and incompatibility in the care of ICU patients. The 
daily changes in intensivists lead to inconsistent 
care. Also, the lack of continuity of care by a 
physician is very confusing for patients’ families as 
well as other members of the ICU team. On the other 
hand, burnout syndrome is a real problem among 
intensivists because of long working hours and ICU 

organizational structure (7-11). Such a model can be 
cost-ineffective and impractical however, due to the 
work force of the intensivists (12). 
In hybrid/transitional/semi-closed ICU, the primary 
treating physicians are not a part of the ICU team, 
but remain actively involved in their patients’ care. 
In this model, critical care specialist provides direct 
patient care in collaboration with other physicians, 
who are also allowed to write orders (13).
To design or modify intensive care units, it is 
necessary to review ICU demand based on resource 
evaluation, patient admission and discharge 
statistics, and the number of patients in this unit in 
other hospitals in the same field. Using standards 
in the ICU will increase patient survival and reduce 
costs by preventing mismanagement of ICU affairs 
and reducing preventable deaths (14-16). 
Jadidi believes that improving the quality and quantity 
of educational, physical, and human resources can 
pave the way for better services, although it may 
not have a direct impact on reducing casualties after 
24 hours (17,18). Identifying risk factors related to 
mortality in the ICU is the first step that can lead to 
better identification of at-risk patients, vital medical 
interventions, and better and more efficient medical 
care in the ICU (19,20). 
There have been many studies on the coding of 
ICU standards in most countries of the world, 
especially in developed countries. Designing an 
ICU and improving its current condition requires the 
experience and skills of both standard programming 
organizations and ICU medical staff who are fully 
aware of the needs of patients at the same time. It 
seems that in Iran, not enough attention has been 
paid to these standards and different management 
models and the importance of their use in medical 
centers (21-23). Due to this issue, in this study, the 
factors affecting the selection of the appropriate 
management structure of the ICU were examined and 
a model for the appropriate management structure of 
the ICU was presented in order to improve medical 
services in the ICU of Loghman Hakim Hospital.

Materials and Methods
The study method is given in figure 1. This applied 
study is based on the descriptive-exploratory method. 
Important factors of ICU performance as well as 
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Phase 1:

Phase 2:

factors affecting the structure were identified and 
categorized. Facto  affecting the ICU performance 
were classified into 5 groups as management 
structure, the existence of required departments, 
human resources, equipment and technology status, 
and available records and documentations. Totally 
137 factors have been recognized. After expert 
interviews, 56 factors in 6 categories were selected.
Based on the criteria and indicators obtained from 
reviewing the literature of articles and expert 
opinions, a questionnaire was prepared to assess 
the situation and determine the importance of each 
individual and structural factor (the questionnaire is 
given in appendix 1). 
Structural Equation Modeling (SEM) has been 
chosen for analysis of data. The recommended 
sample number in SEM was based on N:q ratio that 
shows observations (participants) for each estimated 
parameter in the model. Kline recommended that 
the N:q ratio should be 20 to 1, since if there are 6 
parameters to evaluate, the sample size should be at 
least 120 (24). 
The questionnaire was conducted in Clinical 
Research Development Unit of Loghman Hakim 
Hospital in Tehran, Iran in 2018. A total of 156 
completed questionnaires were obtained. Participants 
included resident physicians, consultants, therapists, 

and neurosurgeon ICU specialists, internal medicine 
and infectious diseases specialists, heads of 
related departments, head nurses and nurses, and 
neurosurgery ICU physicians.
For validity of the questionnaire, a pilot study was 
conducted between 5 ICU specialists and based on 
feedbacks, the final questionnaire was prepared. For 
reliability, the Cronbach’s alpha was calculated. Since 
all values were more than 0.75, the questionnaire was 
considered reliable. The results are shown in table 1. 
Then, using the structural equation technique or 
SEM technique, the effect of independent variables 
on dependent variables and the effect of observed 
variables on latent variables were investigated and 
the data obtained in LISREL software were analyzed.  
λ denotes the hidden variables to visible variables. Λ 
is called factor weights or factor loads. According to, 
factor loads greater than 0.3 indicate the importance 
of the relationship. A factor load of between 0.3 and 
0.6 is acceptable, and if greater than 0.6, it is highly 
desirable (25).
The coefficient of causal relationship between two 
latent variables related to β is shown. To check the 
significance of the relationship between the variables, 
t-test was used. Because significance level is checked 
at the error level of 0.05, if the amount of factor loads 
observed is less than 1.96 calculated by test-test, the 

Figure 1. Study method.

Vicious and Virtuous Facets of ICU Structure



Volume 4  Number 4  Autumn 2021306306

Vicious and Virtuous Facets of ICU Structure

Table 1: Cronbach’s alpha.
Key  ctors Number of factors Cronbach’s alpha

Organizational 15 0.7821

Strategic 18 0.8309

Health economics 9 0.8436

Processes 6 0.8790

Quality improvement 8 0.7957

Table 2: Strategic field scores

Coefficients Rank

The effect of closed structure on the training of surgical assistants
The effect of closed structure on the training of anesthesia assistants
The effect of closed structure on the training of pharmacology assistants
The effect of closed structure on the training of other assistants
The effect of closed structure on the training of fellowships
The effect of closed structure on regulations
The effect of closed structure on management opinion
The effect of closed structure on issuance of death certificate

0.93
0.88
0.98
0.96
0.90
0.77
0.99
0.78

4
6
2
3
5
7
1
8

*In this table, the relative chi-square value is 1.478, which indicates an acceptable status for the model.

relationship is not significant and it will be displayed 
in red in LISREL software (26).

Results
One hundred people, including 91 men and 9 women, 
participated in this study. Also, 40% of the selected 
individuals had 5 to 10 years of work experience 
and 35% had 2 to 5 years of work experience. About 
university education of the participants in the study, 
46% of the selected sample had a doctoral degree, 
44% had specialized education, and 10% had a 
nursing degree. 
After reviewing and evaluating the data, the factors 
affecting the performance and structure of the 
ICU were determined in six fields of structural 
(including open, semi-closed, and closed structure), 
organizational, strategic, healthcare economics, 
processes, and quality improvement. 
After calculating the regression weights or factor 
loads, strategic factors with coefficient of 0.94, 
quality improvement factors with coefficient of 0.91, 
and process factor with coefficient of 0.88 were 

significantly correlated with ICU performance and 
ICU structure and therefore, they have more weight 
in calculations related to this hidden variable. In 
contrast, the organizational factor with a coefficient 
of 0.53 had less correlation with ICU performance. 
As a result, it weighs less in the relevant calculations.
In table 2, the Tucker-Lewis index (TLI) was equal 
to 0.937 and the Comparative Fit Index (CFI) was 
equal to 0.954, and since their values   are more than 
0.90, based on these indicators, the developed model 
is considered acceptable. Based on the mentioned 
indicators, it seems necessary to study the indicators 
to consider the model acceptable. Values   of 0.50 and 
above are considered acceptable for the Parsimony 
Normed Fit Index (PNFI) and the Parsimony 
Comparative Fit Index (PCFI), and some sources 
indicated 0.60 or higher for the suitability of the 
developed model. In table 2, the value of the normed 
fit index was equal to 0.796, which shows acceptable 
values. The values   of the general fit indices in the table 
show that the measurement model of this research is 
in an acceptable condition. The data correlations are 
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Table 3: Data correlations

Correlations

The field of 
healthcare 
economics

The field of 
processes 

The field 
of quality 

improvement 

The field of 
treatment 
economics

The correlation coefficient 1 0.741** 0.568**

Significance level 0.0001 0.0001

Number 156 156 156

The field of 
processes 

The correlation coefficient 0.741** 1 0.501**

Significance level 0.0001 0.0001

Number 156 156 156

The field 
of quality 
improvement 

The correlation coefficient 0.568** 0.501** 1

Significance level 0.0001 0.0001

Number 156 156 156
The significance level is the same as the P-value stated at the bottom of the table, which is the values   given by *. 
*The significance level of 0.05 and ** the significance level of 0.01. In fact, a hypothetical test has been performed here, the zero assumption of which is the 
absence of a relationship between variables. Therefore, if the values   related to the significance level are smaller than the value of 0.01 or 0.05 (according to 
the sign * and **), it indicates the existence of a relationship between the variables. The phrase (tailed -2) means that the test is two-sided.

presented in table 3. tables of the correlation matrix 
and commonalities are given in appendix 2.

Discussion 
This research shows that the complexity of 
implementing a suitable ICU structure can be 
broadly classified under the organizational, strategic, 
healthcare economics, processes, and quality 
improvement contexts that surround the system.
In order to investigate the relation between ICU 
structural model with organizational, strategic, 
healthcare economics, processes and quality 
improvement factors and on ICU performance, SEM 
method was used. The results showed that there is a 
significant relation between ICU structure and every 
other factors and ICU performance. The closed ICU 
between three different models has positive effects on 
performance and other factors. 
The research shows the value and effective role of 
closed structure in ICU in improving ICU performance 
by ward management and hospital management and 
supporting the institutions can be the first step in 

preparing for the implementation of closed structure 
in neurosurgery ICU. In the study of Checkley et al, it 
was found that closed ICU was not associated with a 
reduction in mortality in the ICU and an improvement 
in quality, which was different from the current study. 
The study also found that factors that improve quality 
include a lower bed-to-nurse ratio and review of day 
care, which were not seen in the present study (27). 
In the study of Treggiari et al, it was found that closed 
ICUs perform better than open ICUs and closed 
models improve the quality of intensive care units, 
which is similar to the current study. Of course, one 
of the differences between the mentioned study and 
the current study is that the first was performed on 
patients with acute lung injury, but the present study 
was related to neurosurgical patients (28).
The findings of this study indicate that among the 
effective dimensions, the strategic factor with 0.94 
has a higher impact than other dimensions both in 
ICU structure and also in ICU performance. 
In this study, outcomes show that the most important 
variables affecting the strategic, healthcare economics, 

Vicious and Virtuous Facets of ICU Structure
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processes, organizational, and quality improvement 
factors respectively are administrative factor, length 
of stay, timely diagnosis processes, treatment services, 
and control of the use of therapeutic antibiotics. The 
study by Weled et al, also found that institutional 
support for comprehensive quality improvement 
programs as well as ICU programs improves the 
quality of this effective hospital ward. It was also 
found that to improve the organizational performance 
of the ICU, high-performance treatment services are 
needed, which in this respect is similar to the current 
study (29). In the study by Donovan et al, it was found 
that the cooperation of different care and treatment 
services improves the performance of the ICU staff 
and the various needs of patients and even their 
families should be met by care and treatment teams. 
The above study was similar to the current study in 
terms of the effect of coordinated performance of 
experienced care and treatment personnel (30). 
In the present study, the scope of research was limited. 
Larger sample size can result in more accurate results. 

Also, about 91% of participants were male that may 
cause a bias in the outcomes. 

Conclusion 
The findings of this study, using data collected from 
the neurosurgery ICU of Loghman Hakim Hospital in 
Tehran, show that there is a positive relation between 
the implementation of the closed structure of the ICU 
and each of the organizational, strategic, treatment 
economics, processes, and quality improvement 
factors. It also shows the relation between these 
factors with ICU performance. 
Closed ICU structure has a positive effect on ICU 
performance. However, obedience to hospital leaders, 
supporting managers and heads of departments, 
fostering creative people, and facilitating hospital 
changes and facing the issues can be considered as 
solutions to reduce the challenge of implementing 
closed structure in the hospital.

References
1. Brilli RJ, Spevetz A, Branson RD, Campbell GM, Cohen H, Dasta JF, et al. Critical care delivery in the 
intensive care unit: defining clinical roles and the best practice model. Crit Care Med 2001;29(10):2007-19.

2. No authors listed. Guidelines for organization of critical care units. JAMA 1972;222(12):1532-5.

3. Offenstadt G, Moreno R, Palomar M, Gullo A. Intensive care medicine in Europe. Crit Care Clin 
2006;22(3):425-32. 

4. Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, Young TL. Physician staffing patterns 
and clinical outcomes in critically ill patients: a systematic review. JAMA 2002;288(17):2151-62.

5. Judson JA, Fisher MM. Intensive care in Australia and New Zealand. Crit Care Clin 2006;22(3):407-23.

6. Eikel C, Delbanco S. The Leapfrog Group for patient safety: rewarding higher standards. Jt Comm J Qual 
Saf 2003;29(12):634-9.

7. Moss M, Good VS, Gozal D, Kleinpell R, Sessler CN. An Official Critical Care Societies Collaborative 
Statement: Burnout syndrome in critical care healthcare professionals: A call for action. Crit Care Med 
2016;44(7):1414-21. 

8. Burghi G, Lambert J, Chaize M, Goinheix K, Quiroga C, Fariña G, et al. Prevalence, risk factors and 
consequences of severe burnout syndrome in ICU. Intensive Care Med 2014;40(11):1785-6.



Volume 4  Number 4  Autumn 2021 309309309Copyright  2021, Journal of Iranian Medical Council. All rights reserved.

Alibabaei A, et al

9. Kerlin MP, Adhikari NK, Rose L, Wilcox ME, Bellamy CJ, Costa DK, et al. An official American Thoracic 
Society systematic review: the effect of nighttime intensivist staffing on mortality and length of stay among 
intensive care unit patients. Am J Respir Crit Care Med 2017;195(3):383-93.

10. Kerlin MP, Small DS, Cooney E, Fuchs BD, Bellini LM, Mikkelsen ME, et al. A randomized trial of nighttime 
physician staffing in an intensive care unit. N Engl J Med 2013;368(23):2201-9.

11. Kerlin MP, Harhay MO, Kahn JM, Halpern SD. Nighttime intensivist staffing, mortality, and limits on life 
support: a retrospective cohort study. Chest 2015;147(4):951-8.

12. Davidson BL. POINT: does the United States need more intensivist physicians? Yes. Chest 
2016;149(3):621-5. 

13. Chowdhury D, Duggal AK. Intensive care unit models: Do you want them to be open or closed? A critical 
review. Neurol India 2017;65(1):39-45.

14. Management and Planning Organization. 2004.“Guide the design and architecture of the Intensive Care 
Unit”. Tehran. Persian.

15. Abrishamcar S, Abedinzadeh M, Arti H, Hoshmand F. Survey of inpatient cases and mortality rate in ICU 
in AyatallahKashani Hospital of Sharehkord. J Sharehkord Uni Med Sci 2003;3:73-8.

16. Duke GJ, Morley PT, Cooper DJ, McDermott FT, Cordner SM, Tremayne AB. Management of severe 
trauma in intensive care units and surgical wards. Medical J Aust 1999;170(9):416-9.

17. Sahebzadeh M. Evaluation of standards in CCU of University hospitals in Isfahan. Search project 
approved: Isfahan University of Medical Sciences. 2007.

18. Jadidi R, Noroozi A, Moshri E. The relationship between physical and human resources in the Intensive 
Care Units and patients mortality rate in Hospitals of Markazi Province’s: 2007. J Arak Uni Med Sci 
2009;12(2):29-38.

19. Apostolopoulou E, Nikoloudi P, Kalafati M, Tsaras K, Kastestaras T. Risk factors for ICU mortality in 
critically ill patients. ICU Nurs WEB J 2002;12:12-20. 

20. Sadaghiani E. Security in intensive care unit. Volume one. Tehran: Jahanrayaneh 1998;1:317-23.

21. Alirezai M. [Optimization of physical spaces hospital and its role in preventing waste]. Health Insurance 
Journal 2000;4(15):12-21. Persian.

22. Sadaghiani E. Auditing standards and the accreditation organizations and health care facilities (hospitals). 
Tehran: Research Institute for Social Security Publication. 2004.

23. Azoulay É, Alberti C, Legendre I, Buisson CB, Le Gall JR. Post-ICU mortality in critically ill infected 
patients: an international study. Intensive Care Med 2005;31(1):56-63.

24. Kline RB. Principles and practice of structural equation modeling. Guilford Publications; 2015. 534 p.

25. Phillips DR, Roper KO. A framework for talent management in real estate. J Corporate Real Estate 
2009;11(1):7-16.

26. Kumar J. HRM practice on the retention of employees of information technology sector. International J 
Scientific Research 2012;1(4):108-10.

27. Checkley W, Martin GS, Brown SM, Chang SY, Dabbagh O, Fremont RD, et al. Structure, process and 
annual intensive care unit mortality across 69 centers: United States Critical Illness and Injury Trials Group 
Critical Illness Outcomes Study (USCIITG-CIOS). Crit Care Med 2014;42(2):344-56.

28. Treggiari MM, Martin DP, Yanez ND, Caldwell E, Hudson LD, Rubenfeld GD. Effect of intensive care unit 
organizational model and structure on outcomes in patients with acute lung injury. Am J Respir Crit Care Med 
2007;176(7):685-90.

Vicious and Virtuous Facets of ICU Structure



Volume 4  Number 4  Autumn 2021310310

Vicious and Virtuous Facets of ICU Structure

29. Weled BJ, Adzhigirey LA, Hodgman TM, Brilli RJ, Spevetz A, Kline AM, et al. Critical care delivery: the 
importance of process of care and ICU structure to improved outcomes: an update from the American College 
of Critical Care Medicine Task Force on Models of Critical Care. Crit Care Med 2015;43(7):1520-5.

30. Donovan AL, Aldrich JM, Gross AK, Barchas DM, Thornton KC, Schell-Chaple HM, et al. Interprofessional 
Care and Teamwork in the ICU. Crit Care Med 2018;46(6):980-90. https://pubmed.ncbi.nlm.nih.gov/29521716/


