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Abstract

Purpose—To examine how tele-ICU nurse characteristics and organizational characteristics 

influence tele-ICU nurses’ trust and satisfaction of monitored bedside ICU nurses, and whether 

these influences are mediated by communication.

Materials and Methods—Data of tele-ICU characteristics and characteristics of the ICUs they 

monitored were collected at 5 tele-ICUs located throughout the country. 110 tele-ICU nurses at 

those tele-ICUs completed a questionnaire containing items related to their characteristics and 

their trust, satisfaction, and perceived communication with monitored bedside nurses. We analyzed 

the data using a hierarchical path model, with communication variables entered as mediators.

Results—Many of the tele-ICU nurse characteristics (age, currently or previously worked at the 

monitored ICU, hours worked per week, and years as a ICU nurse) had statistically significant 

direct effects on perception of communication timeliness, accuracy, and openness, as well as trust 

and satisfaction with monitored bedside ICU nurses. Communication openness mediated the 

relationships of both working at a monitored ICU and being older (≥55) on satisfaction. 

Communication accuracy mediated the relationships of both a specialized monitored ICU and 

working at a monitored ICU on trust.

Conclusions—Tele-ICUs and monitored ICUs should work to optimize communication so that 

trust can be established among the nurses.
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Introduction

The tele-intensive care unit (tele-ICU) allows critical care nurses and intensivists to monitor 

ICU patients from remote locations, using technology that allows them to assess the patient 

via video, keep track of the patient’s vital signs, communicate with doctors and nurses in the 

ICUs, and access the patient’s electronic medical records. One key characteristic of the tele-

ICU is that the relationship between healthcare practitioners in the tele-ICUs and monitored 

ICUs is a form of virtual collaboration: “the process of two or more geographically 

separated health care providers collaborating via information technology to provide value-

added health care delivery” [1]. The literature shows that virtual collaboration can be a 

double-edged sword: on the one hand it can improve resource utilization, lower costs, and 

increase flexibility, responsiveness, and timeliness, but on the other hand it can decrease 

individual commitment and autonomy; increase role overload, role ambiguity and workload; 

create communication problems and conflicts; and decrease trust [2–5].

Trust plays an important role as a foundation for effective collaboration[6–8]. In face-to-face 

interactions, trust is assumed to build gradually between people and within teams over time 

based on personal interaction and communication [9]. However, the literature has shown that 

in the absence of face-to-face contact it is difficult to build trust in virtual collaboration[6, 

10, 11]. The technology (the EHR, e-care manager, video and audio) that replaces the face-

to-face communication can undermine the emotional relationship aspects of trust[6, 10–12]. 

Familiarity between members of the tele-ICU team and monitored ICU team also needs to 

be considered. Results of a study by Mullen-Fortino et al. [13] show that 79% of ICU nurses 

agree with the statement that it is important (to them) that they are familiar with the tele-ICU 

physician, and 61% agree with the statement that ICU nurses are more likely to 

communicate with the tele-ICU if they personally know the physician. In fact, 

communication and interaction between the teams is infrequent. Results of this study 

showed further that only half of the nurses in their study reported being called three or more 

times in the preceding six months by the tele-ICU; nearly half (46%) reported never having 

contacted the tele-ICU themselves; and 44% reported regularly incorporating interventions 

suggested by tele-ICU staff. The lack of a shared social context and limitations on personal 

interaction and communication among members in virtual teams decrease the potential for 

trust [11, 12, 14].

Shortell et al. [15, 16] developed and tested a model (see Figure 1) to describe the relation 

between managerial practices and organizational processes that are related to effective 

performance, defined in terms of quality and efficiency of care provided to patients. They 

hypothesized that “a team-oriented, achievement oriented culture and leaders who set high 

standards and provide necessary support provide more open, accurate, and timely 

communication, effective coordination with other units, and more open collaborative 

problems solving approaches. These, aspects, in turn, produce greater cohesiveness among 

team members resulting in the delivery of more effective patient care” [15]. In addition, 

results of a study by Jarvenpaa & Leidner [11] on communication and trust in virtual teams 

suggest that (1) (social) communication facilitates trust, (2) unequitable, irregular and 

unpredictable communication hinders trust, and (3) that communication timeliness and 

immediate feedback enhances trust.
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We know very little about communication between the tele-ICUs and the ICUs. It is 

unknown whether organizational factors at the tele-ICU and monitored ICU level can 

facilitate or hinder tele-ICU nurses’ perception of such communication. In addition, we do 

not know if quality communication between groups leads to a higher level of trust and 

satisfaction in the monitored ICUs. In this paper, we describe how we use a multiple case 

study research design approach to examine how tele-ICU nurse characteristics and 

monitored ICU characteristics influence tele-ICU nurses’ trust and satisfaction of monitored 

bedside ICU nurses, and whether these influences are mediated by communication.

Methods

Setting and sample

We collected data at 5 large tele-ICUs (two on the East coast, two in the Midwest and one on 

the West coast). Tele-ICUs needed to meet the following criteria to be included in the study:

- Tele-ICU has existed for at least 1 year

- Tele-ICU is connected to a minimum of two ICUs and one or more healthcare 

system(s)

- One tele-ICU in the sample is an independent ICU that is not part of a 

healthcare system

- On average, the tele-ICU employs a minimum of 25–30 nurses.

The last criterion was based on results of a power-analysis. We used the PASS 2008 (Power 

Analysis and Sample Size) software in order to determine the sample size. A power of .80 

and an alpha value of .05 were used in the analyses. In order to detect a correlation of .30 we 

needed a sample size of 84 participants. Given an expected response rate of 60%, we needed 

to recruit at least 140 nurses. Therefore, we needed to ensure that each tele-ICU had a 

minimum of 25–30 nurses in order to achieve an overall target of 140 nurses.

Procedure

Data were collected during tele-ICU site visits. Before each site visit, the operations 

manager of the tele-ICU was sent a short questionnaire about characteristics of the tele-ICU 

and the ICUs that they monitored (see http://cqpi.wisc.edu/documents/Tele-

ICU_Characteristic_Survey.pdf and table 1 for a summary of the characteristics). During the 

site visits, all nurses in the 5 tele-ICUs were asked to fill out a paper questionnaire and 

return the questionnaire in a locked mailbox in the unit. In total, 110 nurses filled out and 

returned the questionnaire. The overall response rate across all five tele-ICUs was 84%.

Questionnaire

We developed a questionnaire specific for nurses in the tele-ICU. The questionnaire included 

items related to:

• Nurses’ characteristics, such as personal information (age, highest level of 

education) and work-related information (hours worked per week, whether 
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the nurse works or has worked in an ICU that the tele-ICU monitors, and 

years of experience working as a nurse in an ICU),

• Nurses’ trust and satisfaction of the bedside ICU nurses they monitor, 

rated on a scale of 1–10.

• Nurses’ assessment of communication (on a scale from 1–5) with bedside 

nurses in 3 randomly-chosen ICUs they monitor. This resulted in total 321 

assessments of communication between the tele-ICU nurse and nurses in 

the ICUs.

The measures of communication included 9 items that are grouped into 3 scales: (1) 

communication openness, (2) communication inaccuracy, and (3) communication timeliness. 

The communication scale measures were recoded to values between 0 and 100. These 

measures have been adapted from the Shortell and colleagues [15] questionnaire; extensive 

item analysis was performed to shorten the original scales of Shortell and colleagues and to 

produce reliable and valid scales that we have used in a study of ICU nurses [17]. The 

questionnaire was tested in a pilot study. See http://cqpi.wisc.edu/documents/Tele-

ICU_Questionnaire.pdf for the full version of the questionnaire.

Data Analysis

The data from the tele-ICU nurses’ questionnaires were merged with the questionnaires of 

the tele-ICU’s characteristics and monitored ICUs characteristics, and then uploaded into 

Mplus for data analysis. The data collected had nested relationships at three levels (the 

monitored ICUs were nested in the tele-ICU nurses monitoring them, and the tele-ICU 

nurses were nested in the tele-ICUs employing them). However, the data were analyzed at 

two levels (monitored ICUs and tele-ICU nurses) for two reasons: 1.) To simplify the model 

and 2.) The variation at the level of the tele-ICU was minimal. Subsequently, the variables 

collected at the tele-ICU level that were entered into the model are disaggregated and 

analyzed at the level of the tele-ICU nurse. The resulting model is a two-level hierarchical 

path model used to analyze the effects of organizational factors, tele-ICU nurse 

characteristics, and perception of communication on tele-ICU nurses’ trust and satisfaction 

of monitored bedside ICUs.

The communication variables (communication openness, inaccuracy, and timeliness) were 

entered into the model as mediators, to assess the hypothesis that communication mediates 

performance (in this study, the performance of interest is trust and satisfaction). The indirect 

effects of the mediating variables were analyzed using a bootstrap distribution. This 

distribution was created by randomly sampling observations from the data set with 

replacement data and then multiplying the effect of independent variable on the mediating 

variable with the effect of the mediating variable on the dependent variable 1000 times [18]. 

All tests of significance were analyzed with an alpha of 0.05.

Results

Characteristics of the tele-ICUs, tele-ICU nurses, and monitored ICUs are presented in Table 

1.
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Communication between the tele-ICU and ICUs

Results in table 2 show that the mean scores for the different types of communication 

(openness, inaccuracy and timeliness) are relatively low (on a scale from 0–100). Results 

also show that there is considerable variation between the 5 tele-ICUs: the mean scores for 

communication in tele-ICU #2 are higher than, for example, tele-ICUs #3 and #5.

Satisfaction and trust

Figure 2 shows the mean scores for satisfaction and trust for all the ICUs that the tele-ICUs 

monitor. On average there are no statistically significant differences between the tele-ICUs. 

However, Figure 2 also shows the considerable variation of satisfaction and trust within the 

ICUs that are monitored by the tele-ICUs. The scores show that satisfaction with and trust in 

some ICUs is sometimes very low (e.g. a lowest score of 4.7 on a scale from 1–10 for 

satisfaction [tele-ICU #1] and a lowest score of 5.0 on a scale from 1–10 for trust [tele-ICU 

#5]).

Effect of Communication on Trust and Satisfaction

Figure 3 shows the statistically significant standardized paths of the direct effects of 

organization and nurse characteristics on communication, trust and satisfaction, as well as 

the direct effects of communication on trust and satisfaction. Tables of all direct and indirect 

relationships are available in the appendix/as online supplementary materials. All measures 

of communication—openness, inaccuracy, and timeliness—were associated with tele-ICU 

nurses’ trust or satisfaction on the ICUs they monitored. Communication openness was 

significantly associated with both trust (p<0.01) and satisfaction (p<0.001). Communication 

inaccuracy was significantly associated with less trust of the monitored ICUs (p<0.001). 

Lastly, communication timeliness was significantly associated with satisfaction of the 

monitored ICUs (p<0.05).

Organizational Factors

Tele-ICU nurses who needed to monitor more ICU beds had less trust in the monitored ICUs 

(p<0.05). The type of ICU being monitored also had an effect on tele-ICU nurses’ trust. 

Tele-ICU nurses had less trust in ICUs that were specialized to care for a specific patient 

population (such as cardiac or neurology patients) than general medical/surgical ICUs 

(p<0.01). In addition, ICUs with specialized patient populations had a negative effect on 

tele-ICU nurse’s perception of the accuracy of the communication received from the ICUs 

(p<0.01). The relationship between a specialized patient population and low levels of tele-

ICU nurses’ trust is partially explained by their perception of inaccurate communication 

(p<0.05).

Nurse Characteristics

Many of the significant relationships involved characteristics at the tele-ICU nurse level. The 

longer the tele-ICU nurse had been working as an ICU nurse, the more negatively the nurse 

perceived trust (p<0.05) and satisfaction (p<0.05) with the monitored ICUs. Tele-ICU nurses 

who worked more hours each week had more trust in the monitored ICUs (p<0.05).
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The age of the tele-ICU nurse was also associated with the perception of the communication 

received from the monitored ICU. Compared to younger tele-ICU nurses, older tele-ICU 

nurses (≥55 years old) were less likely to report experiencing open communication with the 

monitored ICUs (p<0.05) and this perception of communication openness mediates their low 

satisfaction in the monitored ICUs (p<0.05). Middle-aged tele-ICU nurses (35–54 years old) 

were more likely to assess communication as inaccurate (p<0.05), yet were more likely to 

trust the monitored ICUs (p<0.05) than younger tele-ICU nurses.

Tele-ICU nurses who have either previously worked or continue to work at a ICU that they 

also monitor in the tele-ICU showed significant associations with perception of 

communication, trust and satisfaction. Work in a monitored ICU was associated with higher 

perception of open communication (p<0.01), lower perception of inaccurate communication 

(p<0.001), and higher perception of communication timeliness (p<0.01). Communication 

inaccuracy mediated the relationship between tele-ICU nurses’ work history in a monitored 

ICU and increased trust (p<0.01) and communication openness mediated the relationship 

between tele-ICU nurses’ work history in a monitored ICU and increased satisfaction 

(p<0.05).

Discussion

Relatively little is known about communication between nurses in the tele-ICU and nurses in 

the ICUs that they monitor, and how this has an impact on satisfaction and trust between the 

tele-ICUs and ICUs. The literature shows that communication facilitates trust, and that trust 

is essential for collaboration. In face-to-face interactions, trust is assumed to build over time; 

but how is trust established in a virtual collaboration in which the different team members 

often have never met? In this study, we examined the relationship between organizational 

characteristics of the tele-ICU and the ICU and the characteristics of the tele-ICU nurses on 

communication, satisfaction and trust. Results show that – although the tele-ICU nurses’ 

perceptions of satisfaction and trust in the ICUs that they monitor are moderately high—

there is considerable variation in these perceptions (see Figure 2). Results also show that 

there are differences in communication between nurses in the tele-ICU and the ICU that they 

monitor (see Table 2).

Results of our multi-level analysis show that there are moderately strong relationships 

between communication openness, inaccuracy and timeliness and satisfaction and trust in 

the ICUs. Several tele-ICU studies have stressed the importance of communication for 

effective team interaction [13, 19–21], but as far as we know this is the first study to 

demonstrate the impact of communication on satisfaction and trust. Results show that nearly 

all of the relationships between the organizational factors and satisfaction are mediated by 

communication but that there are some direct effects of organizational characteristics on, 

notably, trust. Most of these direct effects are related to tele-ICU nurse characteristics, such 

as age, tenure and number of hours per week that the nurses work in the tele-ICU. In 

general, older nurses (≥55 year old) and/or nurses with more years of tenure are less satisfied 

and express less trust with regard to the ICUs that they monitor. Results of a study designed 

to predict ICU nurses’ intention to use tele-ICU technology by Kowitlawakul [22] showed 

that nurses who had worked longer had more negative attitudes towards tele-ICU technology 
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than younger nurses, which suggest that older nurses may have less trust in technology-

mediated communication.

Results show further that few of the ICU characteristics in this study play a role in the 

relationship between communication and satisfaction and trust. Only the type of ICU 

(specialized) plays a minor role, and has a negative impact on communication accuracy and 

trust. One other study suggests that virtual collaboration with highly specialized ICUs may 

be more challenging than collaboration with general ICUs [23] Nurses and physicians in 

specialized ICUs have highly specific knowledge and skill sets and may be less willing to 

accept advice from outsiders, than nurses and physicians in general ICUs. The number of 

beds monitored by a tele-ICU nurse does have a negative impact on communication 

accuracy and on trust, which seems to indicate that a high workload can be detrimental to 

communication and trust. Interestingly, the history between the tele-ICU and the ICUs that 

they monitor does not play a role. The literature shows that in virtual collaboration in 

general levels of satisfaction and trust increase over time [11, 24, 25].

Finally, whether the tele-ICU nurse has worked or currently works in the ICU that is 

monitored is positively related to communication openness and timeliness and negatively 

related to communication inaccuracy. Results of other studies support the finding that 

knowing the virtual team members can increase communication and trust [26–28]. Tele-ICU 

#2 in our sample had actually set up a program to encourage ICU nurses to meet tele-ICU 

nurses [27]. Tele-ICU #2 scores highest on communication openness and timeliness and 

lowest on communication inaccuracy, and also has the highest satisfaction and trust scores of 

all tele-ICUs in our sample.

Study limitations

A limitation of this study was that we only examined the perceptions of tele-ICU nurses and 

not the perceptions of the nurses in the ICUs, or the experiences of physicians in the tele-

ICU or ICUs. Another limitation was that, although the response rate in this study was high 

(84%) which increases generalizability of the study, in the survey nurses were randomly 

assigned only three of the ICUs that they monitored, and were asked questions about 

communication with regard to these three ICUs. In reality, tele-ICU nurses can monitor 

patients in more than 3 ICUs. However, we did not think that we could require tele-ICU 

nurses to answer more than three times the same questions about communication. This was a 

cross-sectional study; therefore the relationships between organizational characteristics, 

communication, and satisfaction and trust are not causal. In addition, we measured 

satisfaction and trust using a single item on a 1–10 scale. Further research on satisfaction 

and trust between nurses should explore satisfaction and trust as a more complicated 

constructs using more sophisticated tools.

Conclusions

The findings of this study demonstrate the importance of communication on tele-ICU 

nurses’ trust and satisfaction of monitored ICUs. As health care systems consider utilizing a 

tele-ICU for support of their bedside ICU nurses, it will be important to build relationships 

between the nurses who will be working together. ICUs and tele-ICUs should work to 
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optimize communication so that trust can be established among the nurses. Future research 

should also explore the implications of low trust and satisfaction in virtual collaborations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Factors affecting ICU performance (adapted from Shortell et al, 1991)
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Figure 2. 
Satisfaction and trust between the tele-ICUs and ICUs by tele-ICU, mean, minimum and 

maximum scores
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Figure 3. 
Direct effects (standardized betas) of organizational and nurse characteristics on 

communication, satisfaction and trust
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Table 1

Characteristics of tele-ICUs, tele-ICU nurses, and monitored ICUs

Tele-ICU
Characteristics

Years in existence (mean, min-max) 6.2, 4–10

Largest number of beds monitored per nurse (mean, min-max) 44.4, 30–52

Tele-ICU Nurse
Characteristics

Hours worked per week (mean, min-max) 26.6, 6–72

Years of experience working as ICU nurse (mean, min-max) 17.5, 0.3–37.8

Age, in years (%)

≤ 34 8

35–54 73

≥ 55 19

Work at a monitored ICU (%) 17.2

Monitored ICU
Characteristics

Closed [Intensivist present at all times] (%) 19.3

Specialized patient population [Cardiac, neuro, etc.] (%) 27.8

Number of ICU beds (mean, min-max) 12, 2–44

Years working with tele-ICU (mean, min-max) 4.8, 0.6–11
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Table 2

Communication between the tele-ICU and ICU monitored by tele-ICU on a scale from 0–100, mean scores 

and [standard deviations]

Communication:
Openness

Communication:
Accuracy*

Communication:
Timeliness

Tele-ICU #1 (n=62) 58.1 [24.8] 58.3 [18.7] 52.2 [26.7]

Tele-ICU #2 (n=65) 62.8 [21.5] 73.1 [19.9] 46.4 [22.9]

Tele-ICU #3 (n=33) 53.0 [25.8] 67.7 [23.5] 45.8 [27.1]

Tele-ICU #4 (n=85) 55.9 [22.9] 64.3 [18.7] 44.1 [23.7]

Tele-ICU #5 (n=76) 53.1 [21.0] 58.0 [15.9] 51.5 [23.5]

Total (n=321) 56.8 [23.0] 63.8 [19.6] 48.1 [24.5]

*
Differences in communication between the tele-ICU nurses and ICU bedside nurses are significant at p<0.05
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