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Abstract

OBJECTIVE: Mechanical ventilated subjects readmission to intensive care unit (ICU) within the seven days, not just involved subject safety, but also the quality of care of the ICU. This study aimed to investigate the risk and related factors of readmission to intensive care unit within the seven days in mechanical ventilated patients. 
METHODS: A total of 658,452 mechanical ventilated subjects discharged from ICU whose age ≧17 year old were obtained from the Taiwan National Health Insurance Research Database (NHIRD) for the period from January 1, 2005 to December 31, 2011. The study applied generalized estimating equation (GEE) logistic regression model to explore whether the mechanical ventilated subjects were readmitted within seven days or not and the related factors. 
RESULTS: A total of 29,657 subjects were readmitted to ICU within 7 days; the total readmission rate was 4.5 %. And there are 64.77% of the subjects with the same diagnosis were returned to the ICU within seven days. GEE logistic regression model results showed that the factors related higher risk of readmission were men, older, higher comorbidity score, complications (such as: pneumothorax, subcutaneous emphysema, pneumonia, oxygen toxicity, pulmonary embolism, pulmonary edema), in private hospitals ICU, ICU days ≥ 21 days, transfer to RCC and RCW, and the next turn of the regional hospital or district hospital. 

CONCLUSIONS: The risk and related factors of Mechanical ventilated subject whose age ≧17 year old was readmitted to ICU within the seven days, include subject characteristics, health status, hospitals attribute, and the length of ICU stay. So the higher risk subjects should be pay attention and assessment before transfer or discharge from the ICU to prevent readmission.
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Introduction

In 1953, anesthesiologist Bjørn Ibsen established the world’s first intensive care unit (ICU) in Copenhagen and admitted subjects who were diagnosed with respiratory failure and required ventilators to facilitate breathing for intensive care.
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 Since 1979, U.S. federal and state policies have demanded that hospitals holding more than 500 beds established ICUs. Thus, intensive care beds began to increase and reached 94 000 beds in 2005, and high-quality care increased subjects’ length of stay in the ICU as well as associated costs.


3–5 ADDIN EN.CITE  In 1985, the step-down care model (Vencor Inc.) was developed in the United States to relieve ICUs that were overcrowded with ventilator dependent-subjects.

Since the National Health Insurance of the Republic of China (hereafter referred to as the NHI) was implemented in 1995, ventilator use has been covered by the NHI, and subject families need not bear excessive costs. Consequently, ICUs have become overcrowded with subjects on ventilators. To solve this problem, the Ministry of Health and Welfare (R.O.C.) organized a group visit to the Vencor Hospital (U.S.) in 1996 and commenced the Improved Emergency and Critical Care Plan in 1997, during which the NHI Administration, Ministry of Health and Welfare (R.O.C.) formulated the NHI Managed Care Prospective Payment System (PPS) Demonstration Program for Ventilator-Dependent Subjects. This program established a 4-stage step-down care model for ventilator-dependent subjects (aged 17 years and older). The 4 stages comprised duration at the ICU, respiratory care center (RCC), respiratory care ward (RCW), and home respiratory care (HRC). Maximum stay in the ICU is 21 days, and vertical and horizontal services were enhanced at medical institutions. The authorities used this method to increase the weaning success of stable ventilator-dependent subjects from the ICU at the RCCs. Subjects who failed to wean from their ventilators were transferred to step-down RCWs and HRC to alleviate the lack of ICU beds.6, 7 However, both American and Taiwanese studies have shown that the redistribution of hospital locations for long-term ventilator-dependent subjects reduced the occupancies of ICU beds and increased ventilator weaning success rates, but still increased the overall length of stay and medical costs of hospitals.
 ADDIN EN.CITE 
8–10


Previous studies on ICU readmission have focused on all subjects in the investigated ICU. Although ventilator-depended subjects have been studied, tracking times for ICU readmissions were comparatively lengthy. By investigating the risks and relevant factors associated with mechanical ventilation subjects readmitted within 7 days of ICU step-down, the results can provide a reference to relevant health administrative authorities for establishing policies on caring for mechanical ventilation subjects.
Method
Research Subjects and Data Sources


This is a retrospective cohort study that adopted the NHI Research Database (NHIRD) published by the National Health Research Institutes (R.O.C.) for obtaining mechanical ventilation subjects aged 17 years and above from ICU step-down transfers between January 1, 2005 and December 31, 2011. The primary diagnoses for each step-down transfer and readmission were recorded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The subjects on ventilators included those using invasive and noninvasive ventilators. The subjects using noninvasive ventilators had to have switched from invasive ventilators because of improved conditions.
Variable Definitions and Descriptions

This study investigated the risks and relevant factors regarding whether mechanical ventilation subjects are readmitted within 7 days after ICU step-down. The relevant variables comprised subject demographics (i.e., sex, age, monthly salary, and the degree of urbanization of the residence area), health status (including comorbidity severity and complications of the subjects), ICU hospital characteristics (including the level and ownership of the hospital), extended-care facility properties (including hospital ownership and the type of extended-care facility), and length of stay (d) in the ICU.

Regarding age, the criteria were those specified in the NHI Managed Care PPS Demonstration Program for Ventilator-Dependent Subjects. The age groups were 17–44, 45–54, 55–64, 65–74, and ≥ 75 years. Regarding monthly salary, this study divided the subjects according to the income groups of low-income households, ≤ NT$17,880, NT$17,881–22,800, NT$22,801–28,800, NT$28,801–36,300, NT$36,301–45,800, NT$45,801–57,800, and > NT$57,800. The definition of low-income household was based on the criteria of government’s regulations. Furthermore, this study adopted stratified analysis to distinguish the degree of urbanization of the subjects’ residence areas into 7 clusters based on the degree of urbanization of townships in Taiwan.11 According to the 7 clusters, since some areas had few subjects, we then divided the degrees of urbanization of the residence areas into 4 groups (i.e., Levels 1, 2, 3–4, and 5–7). High levels denote low degrees of urbanization. 
In addition, this study used the Charlson Comorbidity Index (CCI) to measure the severity of the subjects’ comorbidities.12 The CCI scores ranged from 0, 1, 2, 3–4, and ≥ 5. High scores indicate high comorbidity severities. Regarding subject complications during hospitalization, we grouped the subjects into the 7 complication types of laryngeal edema, pneumothorax, subcutaneous emphysema, pneumonia, oxygen toxicity, pulmonary embolism, and pulmonary edema. 

The ICU hospital levels comprised medical centers, regional hospitals, and district hospitals, and the hospitals were public and private hospitals. The ICU hospitals were the hospitals at which the subjects stayed during their time in the ICU, whereas the extended care hospitals were the hospitals at which the subjects stayed following ICU step-down. In addition, these hospitals comprised public and private hospitals provided the 4 institution types of general ward, RCC, RCW, and HRC. 

Regarding the length of stay in the ICU, this study adhered to the staged-care requirements specified by the NHI Managed Care PPS Demonstration Program for Ventilator-Dependent Subjects and divided the subjects into groups with ICU residency less than, equal to, and more than 21 days. In addition, we calculated the subjects’ length of stay (days) in the ICU before the current ICU step-down.
Statistical Analysis
This study applied the SAS 9.3 software suite for database processing and statistical analysis, used frequency distributions and percentages for describing various variable distributions, employed means and standard deviations for presenting the distributions of continuous variables. We further adopted the chi-square test to determine whether significant differences existed in demographics, health status, hospital characteristics, type of extended-care facility, and length of stay in the ICU of subjects who were and were not readmitted to the ICU within 7 days after step-down. 
The subjects of this study were readmitted to the ICU within 7 days after step-down. Thus, each observed value represents one residency record at the ICU for the subjects on ventilators. These subjects might be repeatedly observed. In order to resolve the influence of the patients who had more than one time of readmitted to the ICU within 7 days after step-down, the generalized estimating equation approach could be used in the analysis. Therefore, this study performed logistic regression analysis using a generalized estimating equation to investigate the key factors determining whether mechanical ventilation subjects were readmitted to the ICU within 7 days after step-down. This study was approved by the Institutional Review Board of the study organizations (IRB No.: 20130603C). 
Results
Subject Demographics


From January 1, 2005 to December 31, 2011, 658,452 subjects on ventilators from the ICU who were 17 years or older were down-stepped. These subjects consisted predominantly of men (62.91% males and 37.09% females), and the average age of the males was slightly younger than that of the females (65.71±17.17 vs 69.05±16.61).
Within 7 days of step-down, 29 657 subjects were readmitted (4.5%). These subjects comprised more men than women (64.58% vs 35.42%), and the average age of the males was younger than that of the females (72.57±14.48 vs 74.19±13.86). The rate of readmission of the male subjects (4.62%; 19,152/414,211) was slightly higher than that of the female subjects (4.3%; 10,505/244,244) (Table 1).

The top 3 of the 5 foremost primary diagnostic codes of the down-stepped subjects and readmitted subjects were acute respiratory failure, pneumonia (organism unspecified), and unspecified septicemia (respectively 11.12%, 8.19%, and 3.47% for the down-stepped subjects and 25.46%, 14.21%, and 7.04% for the readmitted subjects; Table 1). Regarding primary diagnoses of the readmitted subjects before and after readmissions, the rate of consistency for the subjects who stayed less than, equal to, and more than 21 days were 66.23%, 57.93%, and 61.45%, respectively. In summary, 64.77% of the subjects had a consistent primary diagnosis before and after their ICU readmissions (Table 2).
Types of Extended-care facilities

Based on the number and proportions of down-stepped subjects, the institution types were ranked from general ward (90.45%; 595,568 subjects), RCCs (7.13%; 46,980 subjects), RCWs (2.36%; 15,522 subjects), to HRC (0.06%; 382 subjects). Among the 29 657 subjects readmitted within 7 days following step-down, the proportions of readmitted subjects were ranked in the order of general ward (66.62%; 19,758 subjects), RCCs (21.26%; 6,304 subjects), RCWs (12.05%; 3,575 subjects), and HRCs (0.07%; 20 subjects). However, the rate of ICU readmission following step-down transfers to the aforementioned extended-care facilities were in the order of RCWs (23.03%), RCCs (13.42%), HRCs (5.24%), and general ward (3.32%) (Figure 1).
Relevant Factors Influencing Readmission
This study performed a chi-square test to determine whether the variables of subject demographics, health status, ICU hospital characteristics, extended-care facility characteristics, types of extended-care facility, and length of stay in the ICU present statistically significant correlations (P < .05) with the readmission of the subjects on ventilators within 7 days after step-down (Table 3). 

Regarding the sex variable, the rate of readmission for the male subjects was slightly higher than that for the female subjects (4.62% vs 4.30%). Regarding the age variable, the rate of readmission was the highest for the ≥ 75-year age group (6.29%). The high age groups showed increasing numbers of readmitted subjects, and thus, the rate of readmission was positively correlated with age. Regarding the variable of monthly salary, the rate of readmission was the highest for the low-income household group (5.58%), followed by the NT$22,801–28,800 group (4.6%). Regarding the degree of urbanization of the residence area, low degrees of urbanization yielded high rates of readmission; the Levels 5–7 group exhibited the highest level (5.2%), followed by the Levels 3–4 group (4.8%).

Regarding the severity of subjects’ comorbidities (measured using the CCI), the rate of readmission was the highest for the CCI 3–4 group (5.33%), which was followed by the CCI ≥ 5 group (5.12%). Regarding complication types, the results showed that the subjects were developing complications of pneumothorax, pneumonia, pulmonary edema, and oxygen poisoning exhibited significantly higher rates of readmission within 7 days after step-down than did the other subjects (P < .05). 

Regarding ICU hospital levels (ICU hospital characteristics), district hospitals (11.05%) displayed the highest readmission rates, followed by the regional hospitals (4.80%). Concerning ICU hospital ownership, the rate of readmission of private hospitals was higher than that of public hospitals (4.59% vs 4.32%). Regarding extended care hospital ownership, private hospitals showed a higher rate of readmission than public hospitals did (4.67% vs 4.12%). Furthermore, regarding the variable of extended-care facility type, the rate of readmission was the highest for the RCWs (23.03%), followed by the RCCs (13.42%). Finally, regarding the subjects’ length of stay in the ICU, the top 2 rates of readmission were observed for the subjects who stayed equal to (9.72%) and more than (9.33%) 21 days (Table 3).
Analysis of the Risks of Readmission
Numerous subjects were repeatedly observed each year; thus, this study applied logistic regression analysis using a generalized estimating equation to investigate the risks of readmission within 7 days after ICU step-down. Based on length of stay in the ICU, as shown in Table 3, after controlling for relevant variables, the risk of readmission was the highest when the subjects stayed for more than 21 days (OR = 1.51), followed by the subjects who stayed for exactly 21 days (OR = 1.19). Regarding age, we used the 17–44-year age group as a reference and determined that the risk of readmission was highest in the ≥ 75 years (OR = 1.66) group, followed by the 65–74 years (OR = 1.51) group. Furthermore, the male subjects exhibited a risk of ICU readmission 1.16 times that of the female subjects. Concerning severity of comorbidity, the risk of readmission was the highest for the group that scored CCI ≥ 5, which was 1.41 times that of the group scoring CCI = 0. The group that scored CCI = 1 presented the lowest rate of readmission, which was 1.16 times that of the group that scored CCI = 0. Regarding monthly salaries, this study used the low-income household group as a reference group and the risk of readmission for all of the other groups (OR = 0.83–0.90) were lower than that of the reference group. Regarding the degree of urbanization of the residence area, the Levels 5–7 group showed the highest risks of readmission, being 1.10 times that of the Level 1 group. 
For the complications variable, the subjects without complications were used as the reference group. The risks of readmission were ranked as follows: oxygen toxicity (OR = 4.85), pneumonia (OR = 2.07), subcutaneous emphysema (OR = 1.83), pneumothorax (OR = 1.59), pulmonary edema (OR = 1.26) and pulmonary embolism (OR = 1.25). Regarding ICU hospital levels, the risk of readmission was the highest in the district hospitals and was 2.65 times that in the medical centers, followed by the regional hospitals, whose risks of readmission were 1.45 times those of the medical centers. Regarding hospital ownership, the risks of readmission of the private hospitals were lower than that of the public hospitals (OR = 0.88). After post-step-down extended-care facilities were examined, the RCWs exhibited the highest risk of readmission, which was 4.26 times that of the general wards, followed by the RCCs, which showed a risk of readmission 3.45 times that of the general wards. The private hospitals exhibited a higher rate of readmission than the public hospitals did (OR = 1.17; Table 3).


Discussion
Rate of Readmission

Previous studies have shown that decisions on subject transfers from the ICU were influenced by factors such as a reduction in subject care or the recuired bed turnover rate.


13–15 ADDIN EN.CITE  Subjects being transferred from the ICU prematurely or having severe conditions during the transfer were factors that increased the rate of readmission.


16, 17 ADDIN EN.CITE  However, subjects did not benefit from delayed transfers if their conditions were stable because it increased their medical expenses.
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Results on the rate of readmission within 7 days after ICU step-down reported in previous studies were 5.2%,


15 ADDIN EN.CITE  28.7%,20 and 8.1%


2 ADDIN EN.CITE 1 in Canada (2009), the United Kingdom (2010), and the United States (2005), respectively. In the present study, the rate of readmission within 7 days after step-down for mechanical ventilation subjects was 4.5%. Compared with the United States and Canada, the managed care method for strengthening management models applied by the NHI Administration, Ministry of Health and Welfare (R.O.C.) has achieved the expected medical quality improvements.
Influence of health status on Readmission

According to a review of 35 evidence-based medical studies, Elliot et al.(2014) found that subjects readmitted to the ICU were generally older, diagnosed with more comorbidities, showed higher disease severity, and previously stayed at the ICU longer compared with other subjects.22 Taiwanese scholars Lai et al. analyzed all resident ICU subjects in 2006 from the NHIRD and determined that readmission-related factors included age (> 39 y), lung-related disorders, pneumonia, septicemia, and chronic obstructive pulmonary disease.
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 The present study determined that readmission to the ICU was associated with risk factors, such as old age, severe comorbidities, and long previous stay in the ICU (all equally significant; Table 3). Regarding severity comorbidity, this study used the NHIRD in a retrospective study, which was conducted using only the CCI and not the widespread clinical application of the Acute Physiology and Chronic Health Evaluation (APACHE) II for measuring the disease severity.24 These measurements yielded similar outcomes to those reported in other studies that have applied the APACHE II system. The outcomes indicated that high disease severities yielded high risks of readmission.
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Diagnoses for ICU Readmissions

Rosenberg et al. indicated that primary diagnoses of subjects who were readmitted to the ICU consisted of pneumonia, respiratory failure, and septicemia.


30 ADDIN EN.CITE  Reports from South Korea attributed common causes of ICU readmission to problems such as respiratory diseases, postoperative complications, and septicemia.31 Conditions similar to these were observed in the readmitted subjects in this study. The present study focused on mechanical ventilation subjects who were originally diagnosed with respiratory failure. Inappropriate cleaning and maintenance of the artificial airways of mechanical ventilation subjects tend to result in pneumonia, which subsequently causes septicemia. Consequently, the subjects must be readmitted to the ICU.

This study revealed that 64.77% of the subjects who were readmitted to the ICU within 7 days after step-down had similar primary diagnoses to those obtained during their previous ICU residency. This rate was comparatively higher than those reported in other published papers (19%32 and 60%33). The subjects of this study continued using ventilators from step-down to readmission. In addition, factors such as the severity-based cost declaration system of the NHI and the deterioration of the mechanical ventilation subjects are conditions for ICU readmission. Thus, whether these conditions affect proper clinical diagnostic corrections performed by physicians has yet to be investigated.
Influence of Length of Stay in the ICU

The managed care method proposed by the NHI Administration, Ministry of Health and Welfare (R.O.C.) for ventilator-dependent subjects limited the ICU caring stages to 21 days. Thus, this study investigated whether these subjects were forced to leave on the 21st day of ICU residency because of the length-of-stay effect. The results showed that the subjects who were down-stepped within 21 days of ICU residency exhibited the lowest rate of readmission (3.76%); however, the risks of readmission for subjects who were down-stepped on or after the 21st day were both higher than those for subjects who down-stepped prior to the 21st day of ICU residency (Table 3). Thus, whether subjects are forced to leave on the 21st day has yet to be observed. Previous studies have indicated that the factors causing subject readmission may be related to the caring standards of the extended care units.22
Influence of Extended-care facility Type on ICU Readmissions

The results showed that the extended-care facility types (general wards, RCCs, RCWs, and HRCs) influenced the subjects’ risk of ICU readmission within 7 days after step-down (P < .05) (Table 3). Among the variables, the RCWs showed the highest rate (23.03%) and risk (OR = 4.26) of readmission, followed by the RCCs (rate of readmission = 13.42%; OR = 3.45). In contrast to Kramer’s study (the United States), the subjects displayed a 6.9% rate of readmission after down-stepping to extended-care facilities.34 Caring standards of the extended-care facilities have yet to be discussed in detail. In addition, the NHI Administration, Ministry of Health and Welfare (R.O.C.) used RCCs as a safeguard for weaning subjects off ventilators; however, 1.9% of the subjects were still down-stepped directly to RCWs. Consequently, this resulted in a 23.03% rate of readmission, and process control for subject step-down transfers has yet to be reinforced.
Influence of Hospital Levels and Ownerships Form on Readmissions

Table 3 shows that the variables of hospital levels and ownership influenced the subjects’ risk of ICU readmission within 7 days after step-down (P < .05). This study indicated that low hospital levels yielded high rates and risks of readmission because human resource allocations for subject care are comparatively low in low-level hospitals. Consequently, care quality cannot match that required in high-level hospitals, and similar results were obtained in American researcher Kramer’s study.34 Regarding the ownership of ICU hospitals, the number of readmitted subjects (20,922) and rate of readmission (4.59%) were both higher in private hospitals than those in public hospitals. However, after contolling for subject characteristics and severity of conditions, private hospitals yielded comparatively lower risks of readmissions (OR = 0.88; P < .05). This may have been because private hospitals are more careful with regard to releasing subjects from the ICUs; however, detailed causes have yet to be investigated. Regarding ownership of extended-care facilities, private hospitals featured the highest number of readmitted subjects (21,462) as well as rate and risk of readmission (4.67%; OR = 1.17) and the results were statistically significant (P < .05). Thus, the caring qualities of extended-care facilities of private hospitals must be further investigated.
Research Limitations

This study adopted a secondary database for analysis. This database primarily contained cost declaration data and can thus be used to determine only the conditions of medical applications and resource consumptions but does not contain subjects’ clinical data, such as the APACHE II diagnostic codes and scores. Thus, this study can only speculate about subjects’ disease severity by using CCIs. Clinical records must be accessed and reviewed for confirmation. Moreover, this study obtained only the current residency primary diagnosis of subjects but not their disease diagnosis during ICU residency. Thus, the actual causes of readmission after ICU step-down, such as the deterioration of diseases or the formation of complications or new comorbidities, could not be determined.
Conclusion

The readmission of the mechanical ventilation subjects (who were at least 17 year old) within 7 days after ICU step-down transfers was influenced by the variables of subject demographics, health status, ICU hospital characteristics, extended-care facility characteristics, and length of stay in the ICU. Based on the results of this study, the male and older subjects, subjects with severe diseases, low-level ICU hospitals, and subjects who out-transferred over the 21st day of ICU residency, and those who down-stepped to RCWs exhibited relatively high readmission risks.
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