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Objectives
This study aimed at providing the first formal cost-effectiveness evaluation of Crisis Resolution Home Treatment (CRHT) compared to hospitalization for the management of acute psychiatric crises in Switzerland.
Methods
Intervention (CRHT) and control (hospital) groups were formed based on patients’ place of residence according to a quasi-experimental design. Patients were followed starting from an acute episode of care until 2 years after discharge. Effectiveness measures were variation of psychiatric symptoms between admission and discharge and number of non-readmission days. Direct costs were obtained from the Cantonal Psychiatric Clinic and patients’ health insurance companies. Indirect costs were estimated based on sick leave certificates. Bootstrap resampling procedures and Cost-Effectiveness Acceptability Curves were used to assess cost differences between groups and cost-effectiveness.
Results
CRHT resulted generally less costly than hospitalization. In the treatment phase, cost-effectiveness depended on the type of psychiatric symptoms considered, while CRHT resulted highly cost-effective in the follow-up phase.
Conclusion
CRHT can be a cost-effective alternative to hospitalization for managing acute psychiatric crises in Ticino. Further research is needed to explore patients’ conditions and characteristics associated with cost-effectiveness.
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INTRODUCTION
Mental illness is one of the most frequently occurring conditions across European countries, affecting more than one out of six people and causing significant economic costs [1, 2]. Mental healthcare systems worldwide have evolved according to the socio-psychiatric approach to provide community-based alternatives to standard treatments in the psychiatric hospitals [3–5]. Crisis Resolution Home Treatment (CRHT) represents an alternative to standard inpatient treatment for managing acute psychiatric crises [6–8], increasingly adopted and recommended.
Numerous evidence in the literature showed that CRHT can be a clinically effective alternative to hospitalization for the treatment of acute psychiatric crises [7, 9–11], but evidence on cost-effectiveness of CRHT compared to standard inpatient treatment is instead rather limited. Various studies addressed the topic of CRHT economic evaluation [9, 10, 12–14]. However, many of them considered CRHT in comparison with other psychiatric community services [15–27], while some others reported evidence on the lower costs of CRHT in comparison with standard hospital treatment without a true cost-effectiveness assessment [28–31]. We found eleven studies that assessed cost-effectiveness of CRHT in comparison with inpatient treatment [12–14, 32–39]; the findings reported were mixed, with CRHT resulting sometimes more and sometimes less costly than standard hospital treatment and not always cost-effective. Moreover, the findings were hardly comparable because of the heterogeneity across studies [10]. We found important variations in terms of patients included, as, for example patients diagnosed with schizophrenia having a long treatment history [35] compared to veterans with a current psychiatric hospitalization and a high volume of previous hospitalizations [37] or to patients in the need of a hospitalization because of an acute crisis whom family is considered adherent to CRHT [14]. Moreover, we found heterogeneity regarding the type of effectiveness measures used, with, for example, the only use of the number of admission-free days during a given follow-up period [13] compared to the only use of psychiatric symptoms assessment measures [14, 37] or to a combined use of these two outcome measures [12]. Finally, the studies considered greatly differed also in terms of follow-up period length, with one study considering the treatment period only [14], and the others relying on short follow-ups up to 6 months [12, 13, 34], standard follow-ups of one [36, 39] or two [32, 37, 38] years and long follow-ups of approximately 4 years [33, 35]. The follow-up length is an important heterogeneity factor because the contributions of Knapp et al. [32, 33] showed that the clear cost-effectiveness of CRHT found after 20 months could be no longer valid after 45 months within the same study setting. There is therefore a strong need for additional detailed research on cost-effectiveness of CRHT compared to standard hospital treatment within specific homogeneous settings in terms of patients considered, effectiveness measures used and follow-up period length. Several home treatment services are nowadays active in Switzerland [40–46], with four CRHT teams representing an actual full replacement of inpatient treatment in the Cantons of Luzern [43], Aargau [44], Zürich [45] and Ticino [46]. Only three Swiss studies conducted in the Cantons of Thurgau (unpublished material), Luzern [43] and Aargau [44] addressed the issue of costs’ comparison between the CRHT and hospital settings, showing that CRHT was generally less costly even if the difference wasn’t always statistically significant. However, no cost-effectiveness assessment was carried out in any of the three studies.
The aim of our paper is to provide the first formal assessment of CRHT cost-effectiveness in comparison with standard inpatient treatment at the Swiss level. This evaluation has been designed within the unique setting of the CRHT experience in Ticino, where in 2016 an entire acute psychiatric ward was closed and replaced by a CRHT team.
METHODS
The intervention, the study design and the analysis to assess effectiveness and cost-effectiveness of CRHT in comparison with standard hospital treatment are extensively presented in the study protocol [46], the effectiveness study [11] and the synthesis working paper on cost and reimbursement of the Swiss National Science Foundation’s National Research Program “Smarter Healthcare” [47]. We provide a brief description of the intervention, while the study design, the data collected and the assessment of CRHT cost-effectiveness are presented in deeper details.
The CRHT Intervention
In April 2016, an acute ward of the regional public psychiatric hospital (Clinica Psichiatrica Cantonale, CPC) was closed and substituted by a mobile and multidisciplinary CRHT team, available 24 h a day and 7 days a week, formed by three psychiatrists, ten mental health nurses, one team manager, one clinical psychologist and one social worker.
The treatment consisted in daily visits of about 1 hour at the patients’ home, with the possibility of multiple visits a day if necessary. Interventions were tailored according to individual patients’ needs, and included standard ingredients of acute care, such as crisis management, pharmacotherapy, psychoeducation, psychotherapy, and social care.
CRHT was available for patients aged between 18 and 65 years old with an acute psychiatric crisis for which inpatient treatment was deemed necessary by the CPC triage unit. Patients with acute intoxications and/or agitation/aggressive behaviour were excluded from the CRHT service, together with patients with a high risk of suicide/self-harm or harm to others. Also, inmates did not have access to the service. CRHT could be offered only to residents of the northern part of the Canton Ticino because of organizational and logistic reasons.
Study Design and Sample
According to CRHT service accessibility, residents of the northern part of the Canton were included in the treatment group (CRHT) whereas patients living in the southern part formed the control group (hospital treatment) within a quasi-experimental design, more specifically a natural experiment based on geography [48]. Preliminary analyses on patients treated in the two areas of the Canton before the introduction of the CRHT service confirmed the assumption of casual distribution of relevant patients’ characteristics, showing no significant differences across geographic groups in terms of socio-demographic and clinical characteristics like gender, age, education, civil status, main psychiatric diagnosis, number of previous admissions, severity of symptoms at admission, etc. To reinforce the comparability, residents of the southern part of the Canton were included in the study only in case of willingness to accept CRHT, even if it did not imply the assignment to the treatment. Within this setting, according to the chosen design the allocation to the treatment and control groups could be considered as quasi-randomized when accounting for a set of relevant pre-treatment variables (gender, primary diagnosis, etc.).
Patients were recruited between mid-March 2017 and the beginning of April 2019. They were assessed for study eligibility according to the abovementioned CRHT inclusion and exclusion criteria. Additional inclusion criteria were the rescission of certificates of compulsory hospital detention and/or the resolution of acute drug or alcohol intoxications within 48 h from hospitalization. Additional exclusion criteria were a period of hospitalization before being transferred to CRHT exceeding 72 h and a treatment period of less than 7 days, the latter because the corresponding patients probably did not meet the criteria for an acute psychiatric crisis. Patients recruited were followed during the treatment period and a follow-up period of 2 years after discharge.
The sample size was calculated according to the main objective of the research program, which was the assessment of the clinical effectiveness of CRHT in comparison with standard hospitalization. The calculation was based on the primary endpoint, the variation in psychiatric symptoms between admission and discharge measured by the difference in the Health of the Nation Outcome Scales (HoNOS) overall score [49]. Relying on a previous study [50], according to standard statistical parameters (i.e. statistical power of 80% and 5% significance level for a bivariate test) the calculation led to a dimension of 142 patients for both groups. To assess the appropriateness of the sample size for the cost-effectiveness analysis, we performed an additional calculation considering cost differences between CRHT and standard hospital treatment found in the two Swiss studies with the most similar setting to ours [43, 44]. These highlighted a 15%–20% average cost reduction associated with CRHT; considering conservatively a 15% cost reduction hypothesis, according to the abovementioned standard statistical parameters the calculation indicated an overall sample size of 226 patients (113 per arm), which confirms the appropriateness of the initial calculation.
Data Collected
Socio-demographic and clinical data were part of routine data; the collection of clinical data (e.g. primary psychiatric diagnosis) was performed by trained medical personnel. Cost data for the treatment phase were obtained from the CPC accounting office, while for the follow-up phase they were provided by patients’ health insurance companies.
We collected sociodemographic (gender, age, nationality, educational level, civil status, living arrangement and working conditions) and clinical (primary psychiatric diagnosis, presence of a secondary diagnosis, compulsory admission, number of previous hospitalizations and psychiatric symptoms level at admission measured by the HoNOS) data to account for differences between the intervention and control groups when comparing costs and effectiveness and evaluating cost-effectiveness.
Actual direct costs for the treatment period (central services, personnel, and operating costs) were obtained from the CPC, while reimbursed costs for the follow-up period were provided by patient’s health insurances. We adjusted the bills related to hospital treatments during the follow-up phase to account for the 55% share covered by the cantonal authorities. For both phases, indirect costs of lost production were estimated based on the number of sick leave days reported on medical certificates according to regional gender- and age-specific median gross wages.
We gathered data for two effectiveness measures. We collected the HoNOS score at admission and discharge to compute the variation in psychiatric symptoms at the end of the treatment phase, and we gathered information to calculate the number of non-readmission days (i.e. days spent outside the psychiatric hospital) for the follow-up phase.
Statistical and Cost-Effectiveness Analyses
To account for the expected right skewness of the distributions (in particular of costs’ distributions), we used bootstrapped resampling procedures based on 5,000 repetitions to estimate both the group-specific average values of costs and effectiveness measures and the differences between the intervention and control groups. Unadjusted differences in mean costs and effectiveness measures were assessed using a bootstrapped t-test, while adjusted differences (accounting for sociodemographic and clinical characteristics) were estimated using a bootstrapped clustered regression model. Four types of confidence interval – normal-based (N), percentile (P), bias-corrected (BC), bias-corrected and accelerated (BCa) – were computed and compared to provide the results with additional robustness.
We evaluated the cost-effectiveness of CRHT compared to hospitalization based on the approach proposed by McCrone et al. [51], that we adapted to the characteristics of our setting. Cost-effectiveness was assessed according to the following net benefit (NB) function:
NBi=λ·Ei−TCi
where Ei is the effectiveness and TCi the treatment costs. We calculated the NBi for all patients in the treatment and follow-up settings with different costs and effectiveness measures:
	• Treatment setting: E1 = HoNOS variation at discharge vs. TC1 = total actual treatment costs,
	• Follow-up setting: E2 = Number of non-readmission days during the follow-up vs. TC2 = total reimbursed follow-up costs.

The theoretical societal value attributed to an increase of one unit in the effectiveness (i.e. a reduction of one point in the HoNOS at the end of the treatment or an additional day outside the psychiatric hospital during the follow-up) corresponds to the parameter λ, which is unknown. The range and the increments of λ were set separately for the treatment and follow-up phases based on NB thresholds (i.e. the values that, on average, separate negative from positive NBs). The adjusted average NB difference between the intervention and control groups was then determined using a bootstrapped clustered regression model with 5,000 repetitions accounting for the abovementioned sociodemographic and clinical characteristics, with the total treatment costs replacing the HoNOS score at admission in the follow-up analysis. CRHT cost-effectiveness probability was estimated according to the proportion of positive regression coefficients, out of the 5′000 coefficients generated for each model, for the treatment binary variable (i.e. 1 = CRHT and 0 = hospital treatment). Cost-effectiveness acceptability curves (CEAC) were finally developed based on these probabilities.
RESULTS
Sample
We recruited 324 patients, 87 of which were excluded because they had a treatment length of less than 7 days or were moved to another healthcare facility before ending the treatment. We had therefore data on 237 patients for the analysis (93 in the intervention group and 144 in the control group). In the treatment phase, the adjusted difference in total actual treatment costs was calculated on 219 patients having the HoNOS total scores at admission, while the adjusted difference in the variation of the HoNOS total score between admission and discharge was calculated on 208 patients having both scores. Consequently, the cost-effectiveness assessment for the treatment phase was performed on 208 patients. The follow-up phase analysis was based on health insurance data that were available for 163 patients (75 in the intervention group and 88 in the control group).
Socio-demographic and clinical characteristics, as well as differences between intervention and control groups, were very similar for patients considered for the treatment phase and those included in the follow-up phase analysis. Overall, patients were evenly split between men and women, with a median age of 44 years old. Three-quarters were Swiss, and the educational level was equally distributed between primary and secondary (with a few patients having a tertiary level). Approximately 30% of the patients were married, 45% lived alone and slightly more than 20% were employed. From the clinical point of view, the most frequent primary diagnoses (approximately 30% each) were affective disorders (F3) and schizophrenia (F2), and approximately 60% of the patients had a secondary diagnosis. Around 25% of admissions were compulsory, and the median number of previous hospital admission was 1. The median HoNOS score (i.e. the severity of psychiatric symptoms) at admission equalled 16 points.
Table 1 – reported from the article on the study regarding the effectiveness of CRHT in comparison with inpatient treatment in Southern Switzerland [11], – presents the baseline sociodemographic and clinical characteristics of the patients considered by arm. Compared to the control group, the intervention group counted significantly more women (61.3% vs. 38.2%; p-value = 0.001) and married patients (36.6% vs. 22.2%; p-value = 0.016), as well as a lower proportion of patients living alone (34.4% vs. 51.4%; p-value = 0.010). Mental and behavioural disorders due to the use of psychoactive substances, F1 diagnosis, were less frequent in the treatment group (4.3% vs. 13.2%; p-value = 0.024), while personality and behaviour disorders in adult persons, F6 diagnosis, resulted more frequent (25.8% vs. 9.7%; p-value = 0.001). The treatment group was characterized by a significantly lower proportion of compulsory admissions rescinded before recruitment (16.1% vs. 29.9%; p-value = 0.016) and median number of previous hospitalizations at the clinic (1 vs. 2, p-value = 0.003).
TABLE 1 | Sociodemographic and clinical characteristics of intervention and control groups (Mendrisio, Switzerland. 2019).	Characteristics	Intervention group (n = 93)	Control group (n = 144)	Statistical test for the differencea
	Sociodemographic
	Female gender, n (%)	57 (61.3)	55 (38.2)	χ2 (1) = 12.173***
	Age, years: median (IQRb)	41.7 (20.3)	45.7 (20.1)	z = 1.432
	Swiss citizenship, n (%)	74 (79.6)	103 (71.5)	χ2 (1) = 1.969
	Educational level, n (%)
	 None/compulsory	40 (43.0)	67 (46.5)	χ2 (2) = 3.467
	 Secondary	47 (50.5)	59 (41.0)
	 Tertiary	6 (6.5)	18 (12.5)
	Married, n (%)	34 (36.6)	32 (22.2)	χ2 (1) = 5.700*
	Living alone, n (%)	32 (34.4)	74 (51.4)	χ2 (1) = 6.665*
	Employed, n (%)	18 (19.4)	33 (22.9)	χ2 (1) = 0.429
	Clinical
	Compulsory admission, n (%)	15 (16.1)	43 (29.9)	χ2 (1) = 6.001*
	Primary diagnosis (ICD-10), n (%)
	 Mental and behavioural disorders	4 (4.3)	19 (13.2)	χ2 (5) = 20.706**
	 Due to use of psychoactive substances (F1)
	 Schizophrenia, schizotypal and delusional	24 (25.8)	45 (31.3)
	 Disorders (F2)
	 Mood [affective] disorders (F3)	29 (31.2)	41 (28.5)
	 Neurotic, stress-related and somatoform	12 (12.9)	19 (13.2)
	 Disorders (F4)
	 Disorders of personality and behaviour in	24 (25.8)	14 (9.7)
	 Adult persons (F6)
	 Other disorders (F5, F8, F9, Z)	0 (0.0)	6 (4.2)
	Presence of a secondary diagnosis, n (%)	59 (63.4)	87 (60.4)	χ2 (1) = 0.219
	Num. previous hospitalizations: median (IQR)	1 (3)	2 (4)	z = 2.887**
	HoNOS at admissionc: median (IQR)	18 (8)	16 (9)	z = −1.045


*p < 0.05, **p < 0.01, ***p < 0.001.
a χ2 test for categorical variables; Fisher’s exact test was used in presence of cells with a count lower than 5. Mann-Whitney test for continuous variables; the 95% confidence intervals for p-values used to assess statistical significance were estimated using the Monte Carlo method based on 10′000 samples.
b IQR, interquartile range.
c Data on the HoNOS, were missing for 6 patients in the intervention group and 12 in the control group.
Cost Data Management and Distributions’ Shape
For the treatment phase, the CPC provided us with the yearly total actual costs for each treatment arm. To calculate the average daily cost of each treatment (CRHT and hospitalization), we divided the arm-specific yearly cost by the yearly number of CRHT or hospital days. Patients’ direct treatment costs were then computed by multiplying the number of his/her number of treatment days by the arm-specific average daily treatment costs.
During the follow-up phase, seven of the patients, for which we disposed of health insurance reimbursement data, changed health insurance company, three departed out of Switzerland and three passed away. Consequently, some of the patients included in the follow-up analysis did not have a full follow-up period of 2 years; the minimum follow-up period was approximately 2 months long (66 days). To avoid the exclusion of these patients, we decided to base the analysis on the average monthly follow-up costs instead of the total costs over 2 years.
Figure 1 illustrates the distributions of total actual costs for the treatment phase and of average monthly reimbursed costs for the follow-up phase, both including estimated costs of lost production. The right skewness of the distributions of costs, particularly emphasized for hospital treatment, justifies the bootstrap approach.
[image: Top panel shows histograms of total actual treatment costs in CHF, with left for the control group (CPC) and right for the intervention group (CRHT). Bottom panel shows histograms of average monthly follow-up costs in CHF, with similar group comparisons. Both panels indicate higher frequencies of lower costs.]FIGURE 1 | Distribution of total actual costs for the treatment phase and of average monthly reimbursed costs for the follow-up phase (Mendrisio, Switzerland. 2019).Treatment Phase Analysis’ Results
The data reported in Table 2 indicate that CRHT unadjusted average total costs (CHF 17,064.39) were lower than those reported for hospitalization (CHF 18,888.57), even if not significantly (p-value = 0.209). The unadjusted average reduction of psychiatric symptoms between admission and discharge resulted higher for hospital treatment (−9.68 HoNOS points) compared to CRHT (−8.53 HoNOS points), but again the difference was not statistically significant (p-value = 0.216).
TABLE 2 | Unadjusted differences in mean costs and effectiveness measures (Mendrisio, Switzerland. 2019).	Variable	Intervention group [CRHTa] (treatment phase: n = 93)
(Follow-up phase: n = 75)	Control group [CPCb] (treatment phase: n = 144)
(Follow-up phase: n = 88)	Bootstrap t-test for the mean difference
	Mean (bootstrap S.E.c)	95% confidence intervals	Mean (bootstrap S.E.)	95% confidence intervals
	Total actual costs (CHFd)
Treatment phase	17,064.39	(15,607.15; 18,521.64) [Ne]	18,888.57	(16,497.91; 21,279.24) [N]	t = 1.26
	(743.50)	(15,688.35; 18,550.18) [Pf]	(1,219.75)	(16,505.12; 21,253.36) [P]
		(15,679.09; 18,547.09) [BCg]		(16,675.13; 21,548.26) [BC]
		(15,707.03; 18,572.46) [BCah]		(16,754.85; 21,757.04) [BCa]
	Difference in the HoNOSi total score between admission and discharge
Treatment phase	−8.53	(−9.82; −7.24) [N]	−9.68	(−10.98; −8.39) [N]	t = −1.24
	(0.66)	(−9.78; −7.29) [P]	(0.66)	(−11.02; −8.38) [P]
		(−9.79; −7.31) [BC]		(−11.02; −8.40) [BC]
		(−9.79; −7.31) [BCa]		(−11.07; −8.41) [BCa]
	Average monthly reimbursed costs (CHF)
Follow-up phase	1,985.87	(1,613.01; 2,358.73) [N]	2,618.68	(2,073.68; 3,163.68) [N]	1.91
	(190.24)	(1,649.32; 2,382.71) [P]	(278.07)	(2,148.84; 3,228.29) [P]
		(1,650.26; 2,385.68) [BC]		(2,144.84; 3,224.02) [BC]
		(1,656.47; 2,394.44) [BCa]		(2,184.60; 3,303.39) [BCa]
	Average monthly number of non-readmission days
Follow-up phase	29.05	(28.71; 29.38) [N]	28.30	(27.71; 28.89) [N]	−2.17*
	(0.17)	(28.68; 29.34) [P]	(0.30)	(27.65; 28.83) [P]
		(28.70; 29.36) [BC]		(27.60; 28.80) [BC]
		(28.67; 29.33) [BCa]		(27.45; 28.76) [BCa]


*p < 0.05, **p < 0.01, ***p < 0.001.
a CRHT, Crisis Resolution Home Treatment.
b CPC, Cantonal Psychiatric Clinic.
c S.E., Standard Error.
d CHF, Swiss Francs.
e N = Normal.
f P = Percentile.
g BC, Bias Corrected.
h BCa, Bias Corrected and accelerated.
i HoNOS, health of the nations outcome scales.
Table 3 reports a difference in the adjusted total costs of CHF 3,090.86 in favour of CRHT, again not statistically significant at the 5% level (p-value = 0.079). Nevertheless, if we consider the lower risk aversion when making financial decisions instead of clinical decisions, leading to the use of 90% confidence intervals instead of 95% as suggested by McCrone et al. [51], the difference becomes significant. The adjusted difference in psychiatric symptoms between admission and discharge favouring hospitalization (+1.58 on average for CRHT) was also not significant (p-value = 0.150).
TABLE 3 | Adjusted differences in mean costs and effectiveness measures (Mendrisio, Switzerland. 2019).	Bootstrapped clustered regression modelsa	Coefficient (bootstrap S.E.b)	95% confidence intervals
	Treatment phase
	Difference in total actual treatment costs (CHFc)	−3,090.86	(−6,534.44; 352.72) [Nd]
	(CRHTe vs. CPCf)	(1,756.96)	(−6,666.54; 330.91) [Pg]
			(−6,813.23; 175.81) [BCh]
	Adjusted R2 = 0.086		(−6,929.82; 165.86) [BCai]
	Number of observations (n) = 219		
	Difference in the variation of the HoNOSj total score between admission and discharge (CRHT vs. CPC)	1.58	(−0.57; 3.73) [N]
	(1.10)	(−0.74; 3.63) [P]
			(−0.46; 3.74) [BC]
	Adjusted R2 = 0.091		(−0.45; 3.74) [BCa]
	Number of observations (n) = 208		
	Follow-up phase
	Difference in average monthly reimbursed costs in CHF (CRHT vs. CPC)	−380.18	(−998.43; 238.06) [N]
	(315.44)	(−1,017.14; 234.77) [P]
			(−1,012.87; 242.52) [BC]
	Adjusted R2 = 0.186		(−1,017.80; 234.07) [BCa]
	Number of observations (n) = 163		
	Difference in average monthly number of non-readmission days (CRHT vs. CPC)	+0.74	(−0.12; 1.60) [N]
	(0.44)	(−0.07; 1.70) [P]
			(−0.07; 1.70) [BC]
	Adjusted R2 = 0.154		(−0.02; 1.83) [BCa]
	Number of observations (n) = 163		


*p < 0.05, **p < 0.01, ***p < 0.001.
a All models included the following socio-demographic and clinical control variables: gender, age, Swiss citizenship, educational level, civil status (married or not), living status (living alone or not), employment status (working or not) compulsory admission (Y/N), primary diagnosis, presence of a secondary diagnosis (Y/N), number of previous hospitalizations.
The first model of the treatment phase (Difference in total actual treatment costs) also included the HoNOS score at admission.
Both models of the follow-up phase also included the total actual treatment costs.
b S.E., standard error.
c CHF, swiss francs.
d N = normal.
e CRHT, crisis resolution home treatment.
f CPC, cantonal psychiatric clinic.
g P = percentile.
h BC, bias corrected.
i BCa, Bias Corrected and accelerated.
j HoNOS, health of the nations outcome scales.
The CEACs are shown in Figure 2. The treatment phase NBs were computed in both arms according to CHF 400 increments of the value of λ within a range from CHF 1 to CHF 10,000. We reported the CEAC calculated using the variation in the total HoNOS score between admission and discharge together with the CEACs computed using the variations in three HoNOS subscales (i.e.: behavioral problems, symptomatic problems, and social problems) to provide a more comprehensive evaluation. Each curve is characterized by a threshold line, which represents the monetary societal value from which the NB becomes positive. These thresholds should be used for cost-effectiveness interpretation, in the zone where the societal benefit exceeds the costs.
[image: Line chart showing the probability that CRHT (Crisis Resolution and Home Treatment) is cost-effective versus the societal value of an additional non-readmission day in CHF. The x-axis indicates CHF values from 0 to 200, and the y-axis represents probability percentages from 0% to 100%. The line is relatively flat, ranging between 90% and 100%, indicating high cost-effectiveness probability across the CHF range. The black bars reported on the curves represent the points from which, on average, the net benefit becomes positive.]FIGURE 2 |  (A, B) Cost-Effectiveness Acceptability Curves for the treatment and follow-up phases, image have been published in the summary report cited in Flessa et al (2022). (Mendrisio, Switzerland. 2019).Overall, CRHT shows a cost-effectiveness probability falling below 50% just before the threshold, which indicates the lack of cost-effectiveness for positive NBs. The CEACs based on the HoNOS subscales indicate however very different behaviours according to the type of symptoms considered. CHRT cost-effectiveness probability resulted very low after the threshold in both CEACs based on the variation of behavioural and social symptoms (lower than 30% in both cases), while it was high (80% or more) after the threshold in the CEAC based on symptomatic problems.
Follow-Up Phase Analysis’ Results
The CRHT unadjusted mean of average monthly costs for the follow-up phase (CHF 1,985.87) was lower than the value found for hospital treatment (CHF 2,618.68), and the difference was significant at the 10% level but not at the 5% level (p-value = 0.058). The CRHT group reported an unadjusted mean of the average number of non-readmission days (29.05) significantly higher (p-value = 0.031) than hospitalized patients (28.30), [See Table 2].
Table 3 shows adjusted mean differences in both average monthly follow-up costs (CHF -380.18) and average number of non-readmission days (+0.74) favouring CRHT over hospitalization. These differences were not statistically significant at the 5% level (p-values = 0.228 and 0.091, respectively), but using a 90% confidence level the average number of non-readmission days was significantly higher for CRHT patients.
To build the CEAC for the follow-up period, presented in Figure 2, we calculated the NBs in both arms according to CHF 20 increments of the values of λ within a range from CHF 1 to CHF 200. The CEAC indicates high cost-effectiveness probabilities of CRHT (90% or more) before and after the threshold value, with an increasing trend.
DISCUSSION
Our study showed that CRHT was less expensive than hospitalization both during the treatment and the follow-up periods, even if the difference was not always statistically significant. This result is perfectly in line with several previous findings [12, 14, 32–34, 38, 43, 44] and partially in line with some others reporting lower CRHT total costs but higher outpatient costs [13] and lower or higher CRHT costs depending on the medical site considered [37], but is in contrast with two other studies reporting higher CRHT costs [35, 36]. CRHT resulted cost-effective in comparison with hospitalization for the follow-up phase, but cost-effectiveness for the treatment phase depended on the types of psychiatric symptoms considered and on the theoretical value that society attributes to a one-unit increase in effectiveness (CRHT cost-effectiveness lowered as the value increased). The findings regarding the follow-up period are in line with many others reporting general cost-effectiveness of CRHT [12, 32, 34, 36–38], while the findings concerning the treatment phase are similar to others indicating that cost-effectiveness of CRHT may vary according to the value that society attributes to a one-unit increase in effectiveness [13, 14] and to the combination of CRHT and inpatient treatment received [39]. The heterogeneity of the empirical evidence presented makes it difficult to draw robust conclusions on CRHT cost-effectiveness in comparison with standard inpatient treatment.
Even if some differences between CRHT and standard inpatient treatment were not statistically significant, our study provided clear evidence in favour of CRHT for acute psychiatric crisis management in Southern Switzerland. CHRT was both cheaper and comparable to hospitalization in terms of clinical effectiveness during the treatment phase, and highly cost-effective in the follow-up phase. From the practical point of view, CRHT should be offered to all patients with an acute psychiatric crisis eligible for the service to provide a more efficient allocation of resources. However, logistic constraints in case of high demand for the CRHT service may hinder this possibility. In this sense, it is of fundamental importance to assess in deeper details the conditions in which CRHT works best. The great variability of CRHT cost-effectiveness according to the type of psychiatric symptoms found during the treatment phase, together with the variability of CRHT cost-effectiveness related to the combination of CRHT and inpatient treatment received by patients found in a previous study [39], allowed highlighting the fact that CRHT cost-effectiveness may depend on specific patients’ profiles and treatment patterns. Similar results were found for CRHT clinical effectiveness evaluation, which led to the first research contributions exploring the specific characteristics that make patients better suited for CRHT [52] and that are related to relapses after CRHT [53]. Accordingly, research efforts exploring the specific patients’ characteristics related to CRHT cost-effectiveness are needed, to obtain information useful for an even more efficient resources’ allocation and, if necessary, for patients’ prioritization in case of an excess demand for the CRHT service Important to note that a generalization of access to CRHT for all patients in Southern Switzerland was included in the cantonal socio-psychiatric planning dispatch 2022–2025, and the service has since been opened for residents in the southern part as well.
The positive NB threshold for the interpretation of the CEACs, to our knowledge firstly used in this type of studies, has the advantage of being independent from subjective evaluations, and could represent a useful benchmark in a setting where the “right” monetary societal value for treatment effectiveness is difficult to establish.
Our study is limited by the lack of randomization (however at least approximately overcome using the quasi-experimental design) and the relatively limited sample size, which may increase the probability of type II errors (i.e. wrong assessment of the lack of statistical significance for differences between groups). Moreover, despite having used a robust methodological approach with the inclusion of important socio-demographic and clinical control variables in the regression models, we cannot exclude the lack of relevant variables. Also, different cost data sources for the treatment and follow-up periods may prevent from the direct comparability of the results. Finally, the single-centre nature of the study does not allow for external validity and generalizability of the findings to other settings.
In conclusion, the results of our study showed that in general CRHT can be a cost-effective alternative to standard inpatient treatment for the management of acute psychiatric crises, but this finding is not homogeneously supported in the literature because of the limited number of studies combined with the significant heterogeneity in the study settings. We also found that cost-effectiveness of CRHT varies based on the type of psychiatric symptoms considered, which is in line with the results of another study according to which CRHT cost-effectiveness is related to combination of CRHT and inpatient treatment received. These findings suggested that CRHT cost-effectiveness may be related to specific patients’ profiles and treatment patterns. Our results confirmed the strong need for further detailed research aimed at exploring the specific conditions and patients’ characteristics associated with CRHT cost-effectiveness.
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