Intensive Care Needs After Hip and Knee Replacement: Understanding Risk Profiles for Severe Postoperative Complications
Abstract
Background: The etiology of serious life-threatening events after total joint arthroplasty (TJA) is poorly elaborated and understood in the literature. The purpose of this study was to identify independent predictors of postoperative intensive care following total hip (THA) and total knee arthroplasty (TKA) and to clarify the circumstances leading to these transfers. 
Material and Methods: One-hundred and forty-two patients suffering from postoperative intensive care-dependent serious adverse events (CD°IV) after THA or TKA were matched 1:1 with non-CD°IV patients using propensity score matching for age, sex, comorbidity (Charlson Comorbidity index, CCI) and year of treatment. Possible predictive factors for the need of postoperative intensive care were initially evaluated using univariate tests, followed by multivariate regression analyses to identify independent predictors.
Results: CD°IV transfers correlate with higher Hospitality Frailty Risk Score levels (HFRS) [mean 4.4 (SD 3.8) vs. mean 3.0 (SD 3.0); p < 0.001], higher ASA-Scores [mean 2.5 (SD 0.6) vs. mean 2.3 (SD 0.7); p = 0.02], a greater proportion of octogenarians [35.9% (n=51) vs. 23.9% (n=34); p = 0.028] and a higher incidence of medical complications [97.9% (n=139) vs. 60.6% (n=86); p < 0.001] compared to an adjusted control group after total joint arthroplasty (TJA).
[bookmark: OLE_LINK2]Multivariate regression analysis confirmed “Frailty” (OR 1.14, 95% CI 1.05–1.23, p = .002), pre-existing cardiological (OR 2.0, 95% CI 1.004–4.1, p = 0.049) and gastrointestinal secondary diagnoses (OR 3.0, 95% CI 1.3–6.9, p = 0.01) and intake of anticoagulants (OR 2.7, 95% CI 1.6-4.6, p < 0.001) as independent risk factors for CD°IV ICU transfers after TJA.
Conclusion: Patients with CD°IV events after THA and TKA represent a complex, vulnerable and multimorbid patient population. There is a need for a multidisciplinary approach, that integrates pre-habilitation and perioperative risk assessments to reduce the occurrence of severe, life-threatening events requiring ICU care.
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Introduction
Osteoarthritis (OA) significantly impacts the lives of a substantial proportion of adults worldwide [1]. This growing burden is largely driven by the demographic shift and an aging population [2], which have led to an increasing demand for surgical interventions such as TJA and revision procedures[3, 4]. Despite advancements in surgical techniques and perioperative care [5, 6], a small but notable subset of patients experiences severe complications requiring admission to intensive care units (ICU) after TJA. The implementation of FAST-Track and specialized orthogeriatric (SOG) concepts in TJA represents an initial step towards safely guiding vulnerable patient populations through the surgical process [7, 8]. Nonetheless these unplanned admissions to the intensive care unit (ICU) following TJA occur in approximately 1 -12% [9–12], representing a resource and cost intensive aspect of postoperative care [13]. Despite the frequency of these severe events, the underlying risk profiles and mechanisms leading to ICU transfers remain inadequately understood, highlighting the need for further research.  
The primary outcome of this study was to identify independent prognostic factors associated with life-threatening postoperative complications requiring ICU admission according to the Clavien-Dindo classification Grade IV (CD°IV)  following total joint arthroplasty (TJA). Variables examined included the Hospital Frailty Risk Score (HFRS), the American Society of Anesthesiologists Physical Status Classification System (ASA), age, body mass index (BMI), type of arthroplasty (total hip or total knee arthroplasty), intra-hospital medical and surgical complications, comorbidities, and the use of potentially high-risk medications.
The Clavien-Dindo classification system grades complications on a scale of I to V based on the level of therapeutic intervention required, with CD°IV indicating life-threatening events that mandate intensive care management [14]. The secondary outcome was a detailed analysis of the most prevalent contributing factors among patients with CD°IV complications to better characterize the clinical profiles of high-risk patients and improve perioperative risk stratification.

Materials and methods
Study Population and Data Collection
This study is a retrospective matched-pair analysis derived from a database, generated from the hospital information system and the department’s joint registry. All patients who underwent primary elective total hip arthroplasty (THA) or total knee arthroplasty (TKA) between 2010 and 2023 were included, forming a consecutive series. Only primary joint arthroplasties were included in this study. Cases involving preoperative fractures, significant deformities, revision procedures or tumor endoprostheses were excluded from the analysis. 
At last a total of 142 patients were identified in the in-house database using ICD-10 codes and Grade IV of the Clavien-Dindo classification (CD°IV) [14]. The Clavien-Dindo classification stratifies complications into five grades based on the required therapeutic intervention, with Grade IV representing severe, life-threatening conditions requiring intensive care management [14]. This indicates that the patients were transferred to an external intensive care unit to undergo specialized medical management, encompassing continuous monitoring and therapeutic interventions. As our department of  anesthesiology keeps annual statistics on our patient transfers requiring intensive care, it was possible to check all 142 patients for completeness of data in the above-mentioned period. A full dataset was available for all patients included in the analysis. For all CD°IV cases, comprehensive review of both hospital discharge summaries and ICU-specific reports was conducted to confirm intensive care treatment and to determine the reasons for ICU admission. Diagnoses coded at the time of hospitalization and discharge were retrieved from the hospital information system (ORBIS®; Agfa Healthcare), including the corresponding ICD-10 codes. Coding was performed by professional clinical coders and subsequently verified by physicians using information from the patients’ medical records. Complications were assessed using ICD-10 codes documented at discharge. The Hospital Frailty Risk Score (HFRS) and Charlson Comorbidity Index (CCI) were calculated based on ICD-10 codes recorded at admission [15, 16]. Additional available data from the clinical information system included age, sex, body mass index (BMI), operative procedure, associated comorbidities, medications, length of hospital stay, time of surgery in minutes, CD°IV cases, medical and surgical complications, and reoperations within 90 days.
Propensity score matching (1:1) was conducted based on age, sex, and comorbidity (Charlson Comorbidity Index, CCI) and year of treatment. The final dataset comprised 284 patients: 142 requiring intensive care (CD°IV) and 142 matched non-CD°IV controls. Baseline characteristics were extracted from patient records.

Endpoints
The primary endpoint was the identification of CD°IV predictors. Additional data collected included associated comorbidities, revision surgeries within 90 days, and postoperative complications. Comorbidities and preoperative parameters recorded included cardiological, pulmonary, renal, gastrointestinal, neurological, oncological, and rheumatological diseases, as well as depression, diabetes, osteoporosis, preoperative anemia, malnutrition, nicotine abuse, chronically elevated CRP levels, and medications such as disease-modifying anti-rheumatic drugs (DMARDs), corticosteroids, platelet aggregation inhibitors (aspirin or P2Y12 antagonists), coumarin derivatives, or immunosuppressive agents. Perioperative complications were categorized into surgical complications (e.g., periprosthetic joint infection, periprosthetic fracture, wound healing disorders, hematoma, aseptic loosening and subsidence, dislocation, instability, wear of mobile components, arthrofibrosis, range-of-motion limitation, anterior knee pain, tendon rupture, and nerve injuries) and medical complications (e.g. cardiological, pulmonary, renal, thromboembolic, neurological, and cerebrovascular AEs, delirium, urinary tract infection, electrolyte imbalances, and anemia requiring transfusion). Complications were defined and assessed based on ICD-10 codes documented at discharge. 
The secondary endpoint consisted of a detailed analysis of the primary causes leading to intensive care admissions among these patients. 

Surgical Techniques
All procedures were performed within a single Department of Orthopedic Surgery at a University Medical Center. Patients received standardized treatment protocols for THA and TKA, including a unified rehabilitation program. The majority of patients underwent spinal anesthesia, with a minority receiving general or regional anesthesia. THA was performed in the lateral decubitus position using a minimally invasive anterolateral approach with cementless or cemented fixation. TKA procedures employed a cemented technique via a medial parapatellar approach without patellar resurfacing.

Statistics
Propensity score matching (PSM) was utilized to balance baseline characteristics between the CD°IV and non-CD°IV groups including age, sex, Charlson Comorbidity Index (CCI), and year of treatment. A nearest neighbor algorithm with a caliper width of 0.012 was used, chosen to ensure a high level of comparability between matched cases. Cases outside the region of common support were excluded.  PSM and statistical analysis was conducted using IBM SPSS Statistics (version 29.0.0) with a significance level set at p ≤ 0.05. Continuous variables are presented as means ± standard deviation (SD) and medians with interquartile ranges (IQR). Categorical data are reported as absolute (n) and percentage (%) frequencies. Continuous variables were tested for normal distribution using the Shapiro-Wilk test; as all variables were non-normally distributed, non-parametric methods such as the Mann-Whitney U test were applied for independent samples. Categorical variables were analyzed using the Chi-square test, and Fisher’s exact test was applied for small sample sizes or low expected frequencies. Multivariate logistic regression models were employed to identify independent predictors of postoperative CD°IV cases. Separate models were developed for preoperative and perioperative covariates, as well as for knee and hip arthroplasty, to account for the differing clinical and procedural factors influencing outcomes in these contexts. A forward selection procedure was applied, including variables with a univariate p-value < .10 in the model development process. These analyses facilitated the identification of confounders and independent predictors of CD°IV complications.

Results
Baseline Characteristics:
Between January 2010 and December 2023, a total of 34455 patients were identified through the local hospital computer database.  Among these, 14505 cases underwent primary elective THA or TKA. Within this cohort 142 patients (0.98%) suffered from severe adverse events requiring ICU admission, classified as CD°IV. One patient had a deadly event and passed away after unsuccessful cardiopulmonary resuscitation.
The baseline characteristics of the CD°IV group and the control group, including age, sex, and Charlson Comorbidity Index (CCI), were well balanced through propensity score matching. Baseline characteristics are summarized in Table 1.






Table 1: Baseline characteristics TJA:
	Total Joint Arthroplasty (TJA)

	
	Controls
(n=142)
	CD°IV Patients
(n=142)
	total population
(n=284)
	p-value

	♀ n (%)

	98 (69.0)
	94 (66.2)
	192 (67.6)
	.612*

	♂ n (%)

	44 (31.0)
	48 (33.8)
	92 (32.4)
	.612*

	Age (years) 
Mean (SD)
Median (IQR)
	73.4 (8.6)
74.0 (10.0)
	75.1 (8.8)
77.0 (13.0)
	74.2 (8.8)
76.0 (11)
	.064**

	
	
	
	
	

	CCI 
Mean (SD)
Median (IQR)

	3.6 (1.7)
3.0 (1.0)
	3.8 (1.5)
4.0 (1.0)
	3.7 (1.6)
3.5 (1.0)
	.179**

	THA n (%)
	66 (46.5)
	78 (54.9)
	144 (50.7)
	.154*

	TKA n (%)
	76 (53.5)
	64 (45.1)
	140 (49.3)
	.154*

	
	
	
	
	

	Side left n (%)

	56 (39.4)

	67 (47.2)

	123 (43.3)

	.120**

	Side right n (%)

Side both n (%)
	86 (60.6)

0 (0)
	73 (51.4)

2 (1.4)
	159 (56.0)

2 (0.7)
	

	
BMI
Mean (SD)
Median (IQR)

Adipositas (yes/no) 
n (%)

Adipositas ≥ II 
n (%)

	
29.6 (6.7)
28.8 (9.3)

64 (63.4)


24 (39.3)

	
29.1 (6.1)
27.9 (7.8)

58 (60.4)


27 (41.5)

	
29.3 (6.4)
28.5 (8.7)

122 (61.9)


51 (40.5)

	
.541**


.670*


.802*


	HFRS 
Mean (SD)
Median (IQR)

	3.0 (3.0)
2.3 (2.3)
	4.4 (3.8)
3.2 (4.8)
	3.7 (3.5)
2.3 (3.4)
	<.001**

	ASA – Score 
Mean (SD)
Median (IQR)

	2.3 (0.7)
2.0 (1.0)
	2.5 (0.6)
3.0 (1.0)
	2.4 (0.6)
2.0 (1.0)
	.020**

	LOS (days) 
Mean (SD)
Median (IQR)

	9.4 (3.2)
9.0 (3.0)
	4.9 (4.5)
4.0 (4.0)
	7.2 (4.5)
7.0 (5.0)
	<.001**

	time of surgery (minutes) 
Mean (SD)
Median (IQR)

	75.5 (21.6)
74.0 (29.0)
	78.1 (25.0)
73.0 (30.3)
	76.8 (23.4)
73.5 (29.5)
	.594**


Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, CCI= Charlson Comorbidity Index, TJA = Total Joint Arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Age in years, BMI = body mass index, Adipositas (yes/no) =  BMI ≥ 30 vs. normal weight patients, Adipositas ≥ II =  BMI ≥ 35 vs. normal weight patients, ASA = American Society of Anesthesiologists, LOS = length of stay in days, time of surgery in minutes, bold values = p ≤ 0.05; *Chi-square-test. **Mann-Whitney-U-test. 
Primary Outcome: Influencing Factors on CD°IV Transfers 
“Frailty”:
The CD°IV cohort across all TJA cases demonstrated a significantly higher proportion of "Frailty" based on the HFRS compared to the control group, with a mean score of 4.4 (SD 3.8) versus 3.0 (SD 3.0) (p < 0.001). These findings were also confirmed for both THA [mean 4.9 (SD 4.4) vs. mean 3.3 (SD 3.5); p = 0.012] and TKA [mean 3.7 (SD 2.6) vs. mean 2.8 (SD 2.5); p = 0.008]. Figure 1 shows a graphical representation.
Figure 1: HFRS values in CD°IV patients vs. control group after TJA, THA and TKA[image: ]
HFRS = Hospitality Frailty Risk Score, THA = Total Hip Arthroplasty, TKA = Total Knee Arthroplasty, TJA = Total Joint Arthroplasty, CD°IV = Severe life-threatening complications requiring ICU transfer according to Clavien-Dindo Classification Grade IV

In the multivariate analysis, the HFRS was confirmed as an independent influencing factor for a transfer to CD°IV after all TJAs (OR 1.14, 95% CI 1.05–1.23, p = .002) and after THA (OR 1.12, 95% CI 1.01–1.23, p = .024).



Octogenarians (Age ≥ 80 years):
A closer look at the group of over 80 year old patients revealed a higher rate of CD°IV transfers than in the control group after TJA [35.9% (n=51) vs. 23.9% (n=34); p = 0.028]. This also applies to the TKA group [40.6% (n=26) vs. 23.7% (n=18); p = 0.031]. 
ASA-Score:
The Analysis of the ASA score indicated a poorer preoperative physical health status among CD°IV patients compared to the control group in all TJA patients [mean 2.5 (SD 0.6) vs. mean 2.3 (SD 0.7); p = 0.02] and THA patients [mean 2.6 (SD 0.5) vs. mean 2.3 (SD 0.7); p = 0.004]. 
Complications:
· Surgical Complications:
There was no association between CD°IV transfer and pooled surgical complications. In detail postoperative hematoma was the only surgical factor associated with an increased incidence of CD°IV transfers for all TJA [12.0% (n=17) vs. 3.5% (n=5); p = 0.008], as well as for THA [12.8% (n=10) vs. 3.0% (n=2); p = 0.034].
· Medical Complications: 
The pooled medical complications demonstrated significantly higher rates of ICU transfers according to CD°IV compared to the control group in the univariate analysis after TJA [97.9% (n=139) vs. 60.6% (n=86); p < 0.001], but also after THA [100% (n=78) vs. 66.7% (n=44); p < 0.001] and TKA [95.3% (n=61) vs. 55.3% (n=42); p < 0.001]. The leading causes of these medical complications after TJA are comprehensively detailed in Figure 2  and Appendix 1 for further evaluation.









Figure 2: Medical Complications after TJA
[image: ]
TJA = Total joint arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit

In the multivariate analyses, independent medical predictors for CD°IV ICU transfers following TJA were identified. Independent predictors were pulmonary complications (OR 42.2, 95% CI 11.0–161.6, p < 0.001), cardiological complications (OR 101.9, 95% CI 27.4–379.2, p < 0.001), renal complications (OR 15.6, 95% CI 4.7–51.9, p < 0.001), neurological complications (OR 20.1, 95% CI 7.5–53.6, p < 0.001), gastrointestinal complications (OR 31.4, 95% CI 9.1–107.8, p < 0.001) and postoperative anemia (OR 2.1, 95% CI 1.0–4.3, p = 0.047). 
A detailed presentation of the multivariate analysis can be found in Appendix 2.




Comorbidities and potentially risk generating medication:  
Secondary diagnoses:
In univariate analysis, patients with CD°IV transfers exhibited significantly higher rates of cardiological (88.0 % vs. 76.1 %, p = 0.009), neurovascular (29.6 % vs. 17.6 %, p = 0.018), haemato‐oncological (23.2 % vs. 14.1 %, p = 0.048), and gastrointestinal comorbidities (17.6 % vs. 6.3 %, p = 0.003) compared to controls. 
Potentially risk generating medication:  
Anticoagulant use was also significantly elevated in CD°IV patients (48.6 % vs. 23.9 %, p < 0.001).
Appendix 3 and 4 provide an overview of the secondary diagnoses and the potentially risk generating medication, that correlate significantly with an ICU transfer after CD°IV.

The multivariate calculations of the above-mentioned influencing variables revealed the following independent predictors for CD°IV ICU transfers.
Secondary diagnoses:
Independent predictors of CD°IV after TJA were cardiological concomitant diseases (OR 2.0, 95% CI 1.004–4.1, p = 0.049) and gastrointestinal comorbidities (OR 3.0, 95% CI 1.3–6.9, p = 0.01). A detailed presentation of the multivariate analysis can be found in Appendix 5.
Potentially risk generating medication:  
Pooled anticoagulant intake was an independent predictor for CD°IV transfers after TJA (OR 2.7, 95% CI 1.6-4.6, p < 0.001), THA (OR 2.3, 95% CI 1.1-4.8, p = 0.023) and TKA (OR 4.1, 95% CI 1.9-8.6, p < 0.001). 
Figure 3 shows a visual summary of the most important significant results of all multivariate logistic regression models according to TJA graphically presented in a forest plot.


Figure 3: Independent Predictors for CD°IV transfers after TJA
[image: ]
TJA = Total joint arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, HFRS = Hospitality Frailty Risk Score, OR = Odds Ratio, red dashed line = marks a OR of 1


Secondary Outcome: Analysis of the underlying causes for CD°IV transfers necessitating intensive care
The secondary outcome focused on identifying the key drivers of CD°IV transfers requiring intensive care. Cardiological events represent the primary cause of CD°IV transfers, comprising approximately one-third of all cases. The most common cardiological reasons, in descending order, include acute myocardial infarction, acute coronary syndromes, arrhythmias (e.g., tachyarrhythmia absoluta, newly developed atrial fibrillation, etc.), cardiac decompensation and hypertensive crisis.
Neurovascular events and pulmonary complications follow as the second and third most frequent reasons, respectively. Neurological serious adverse events (SAEs) include transient ischemic attacks (TIA)/strokes, exacerbated severe delirium, severe epileptic seizures, and other neurological causes. Pulmonary SAEs mainly consist of severe pneumonia, pulmonary embolism, and severe respiratory decompensation.
The fourth most common cause of CD° IV transfers are gastrointestinal events. These include symptoms of an acute abdomen, such as (sub-)ileus events, cholecystolithiasis requiring endoscopic retrograde cholangiopancreatography (ERCP), incarceration due to recurrent incisional hernia, upper gastrointestinal bleeding, severe gastritis, and one case of pancolitis related to a severe Clostridium difficile infection.
Approximately 10% of cases are attributed to hemorrhagic events, consisting of severe hemorrhages requiring vascular surgical intervention and hemorrhagic shock resulting from acute bleeding.
Urogenital events and "other" causes account for a minor proportion of cases. "Other" events include single cases such as  severe opioid intoxication with respiratory insufficiency, severe drug intoxication resulting in transient tetraparesis, agranulocytosis following metamizole use, severe drug-induced hyponatremia, severe blood pressure dysregulation associated with pheochromocytoma, severe sepsis with multiorgan failure (renal insufficiency requiring dialysis, myocardial infarction, and severe pneumonia), and severe COVID-19 infection during the pandemic. Figure 4 shows the most common reasons for CD°IV relocations.






Figure 4: Main Causes for CD°IV transfers to an ICU
[image: ]
n = 142 CD°IV transfers, SAE = Serious adverse event, GIT = Gastro-intestinal; 

Discussion
After the matching process, the groups exhibited a well-balanced and comparable distribution in terms of age, sex, BMI, type of arthroplasty (THA or TKA), and time of surgery in minutes. The patient population was characterized by overweight tendencies, with an average BMI of 29.3 (classified as pre-obesity), a relatively advanced mean age of 74 years, and a substantial burden of comorbidities, reflected in an average CCI of 3.7. Due to the ICU transfers, CD°IV patients exhibited a shorter average hospital stay, at 4.9 days. The overall mean LOS across the cohort was 7.2 days, showing a more accurately reflection of routine clinical practice in Germany [17]. The overall cohort consisted predominantly of female patients, with a ratio of approximately 2:1 in CD°IV patients compared to the control group. Courtney et al. also reported higher rates of ICU admissions among women in their research. However, the literature does not support this finding as an independent predictor [18]. With a rate of approximately 1% CD°IV transfers in our patient cohort, this percentage falls at the lower end of the range of 1 - 12% [9–12] reported in the literature. This also offers a realistic representation of routine clinical practice.
Meyer et al. (2020) demonstrated in retrospective analysis that a high HFRS constitutes an independent risk factor for adverse outcomes following TJA, including reoperations (OR 2.1, 95% CI 1.46-3.09, p < .001) and complications (internal complications: OR 3.72; 95% CI, 2.28-6.08, p < .001; surgical complications: OR = 3.74, 95% CI, 2.41-5.82, p < .001) [19]. Extending these findings, our analysis identified the HFRS as an independent predictor of CD°IV ICU transfers following TJA (OR 1.14; 95% CI, 1.05–1.23; p = .002). While the endpoints differ, our results contribute novel insights to the current body of evidence and underscore the clinical relevance of frailty assessment in this context.
In the field of orthogeriatrics significant advancements have been made in research over the past years [20, 21]. Specialized orthogeriatric concepts focus on pre-habilitation, geriatric-internal medicine, and intensive physiotherapeutic care in combination with FAST- Track concepts to improve postoperative outcomes following TJA. Multiple studies have shown that "frailty" is an independent predictor for postoperative complications after primary TJA [22–25]. The results of the present study confirmed this finding for severe intensive-care complications classified as CD°IV. Additionally, the age group of octogenarians was identified as a possible predictor for these transfers. These findings add valuable insights to the existing literature, particularly by highlighting the role of “frailty” and advanced age as important predictors in orthogeriatric outcomes.
Focusing on the ASA score, previous studies have demonstrated that patients preoperatively classified as ASA 3 and 4 experience significantly higher rates of intraoperative and postoperative complications, as well as prolonged intensive care unit (ICU) stays. Our findings corroborate these results [26].
Postoperative complications showed distinct patterns between surgical and medical events. Our findings revealed no increased incidence of surgical complications within the CD°IV transfer group. We hypothesize that while surgical complications may contribute to adverse outcomes, their severity in our cohort did not necessitate ICU transfers. Specifically, only postoperative hematomas were significantly correlated with CD°IV transfers. This may also be associated with the use of anticoagulants and postoperative anemia, as both emerged as independent predictors of CD°IV transfers for all TJAs, consistent with the current literature [9].
A closer examination of the medical complications indicates a  significant  association with  CD°IV transfers. In particular, pulmonary, cardiological, renal, neurological, and gastrointestinal complications were identified as independent predictors of CD°IV transfers. The wide confidence intervals and extremely high odds ratio for cardiological complications reflect a limited number of events and high variability in this subgroup. Although the association remained statistically significant, the magnitude of the effect should be interpreted with caution. These results supports the outcome of other studies and expands the scope of results [27–29]. Although both medical and surgical complications appear to be relevant components contributing to ICU transfers, further clinical research is necessary to differentiate their specific impact and to develop targeted strategies for early identification and risk mitigation. In clinical reality, ICU transfers are often triggered by a cumulative burden of complications rather than a single isolated event. Future research should aim to model these interactions more precisely. Given their potential to influence postoperative outcomes, secondary diagnoses and high-risk medications were also analyzed as contributing factors to CD°IV transfers. Regarding pre-existing comorbidities, gastrointestinal disorders were identified as independent predictors for CD° IV transfers following TJAs, THAs, and TKAs. In addition, cardiological conditions proved to be independent predictors for CD° IV transfers after TJAs and TKAs, while pulmonary and neurological disorders were independent predictors for CD° IV transfers following THAs and TKAs.
Rheumatic medications, such as immunomodulatory drugs or corticosteroids, showed no correlation with CD° IV transfers, although other studies have demonstrated a correlation between underlying rheumatic diseases and postoperative complications [30, 31]. This is likely attributable to the small number of patients taking these medications (immunomodulatory drugs: n=6; corticosteroid use: n=6).
In our propensity score matching procedure, we intentionally did not include BMI as a matching variable, as we hypothesized that BMI might correlate with the clinical outcome and therefore wished to evaluate its influence separately. Contrary to our assumption the BMI did not demonstrate any significant correlations with CD° IV transfers in our analysis. 
 To address the potential for residual confounding due to this omission—particularly given the possible interaction of BMI with frailty or comorbidities—a sensitivity analysis was performed. However, BMI did not show a significant association with the outcome in the subsequent multivariable regression model and did not change the estimates or significance of the other covariates. Both clinical experience and existing literature have well established that BMI is associated with severe complications following TJA [32, 33]. While BMI is frequently associated with an increased risk of postoperative complications, there is limited evidence directly linking BMI to ICU admissions. In our cohort, BMI was not a significant predictor of ICU transfer. This may be due to the relatively low number of patients with extreme obesity (e.g., BMI > 40), and the potential mitigating effects of standardized perioperative care protocols. Our findings suggest that BMI alone may not be a key determinant for ICU need in this clinical context.
The secondary outcome centered on identifying the most critical complications resulting in CD°IV ICU admissions. Cardiovascular events were most common, followed by neurovascular and pulmonary complications. Gastrointestinal and hemorrhagic events were less frequent, while rare cases involved urogenital conditions and isolated events such as severe intoxications, infections, or metabolic emergencies. These reasons for CD°IV transfers were extensively analyzed in this study (see figure 2) and are partially referenced in other research works [9, 18, 34]. The detailed presentation of ICU transfer causes can serve as an additional contribution to the understanding of these critical CD° IV events requiring intensive care. 
This study has several notable strengths. The use of propensity score matching for age, sex, and Charlson Comorbidity Index (CCI) minimizes confounding factors, ensuring a robust comparison between groups. By focusing on severe, life-threatening complications (CD°IV) following total joint arthroplasty (TJA), the study addresses an underexplored yet clinically critical outcome. The integration of real-world data from a hospital database enhances the practical relevance of the findings, and the inclusion of comprehensive risk factors such as frailty, ASA scores, and pre-existing conditions offers a holistic view of perioperative risks. Moreover, the identification of modifiable predictors, such as anticoagulant use, highlights actionable targets for improving patient care. The study’s consideration of both total hip arthroplasty (THA) and total knee arthroplasty (TKA) broadens its applicability across different types of joint replacements.
However, there are limitations that warrant consideration. The retrospective design inherently limits the ability to establish causation, and potential inaccuracies in data collection or missing parameters may introduce bias. Additionally, while the cohort size of CD°IV patients is reflective of real-world prevalence, it remains relatively small, potentially limiting the generalizability of the findings. The study was conducted at a single center, which may reduce external validity, as clinical protocols and patient populations vary across institutions. Residual confounding, despite matching, cannot be ruled out, particularly for unmeasured variables or socioeconomic aspects, lifestyle and other non-clinical factors. Finally, prospective, multicenter studies with larger sample sizes are needed to validate these results and further clarify the complex interplay of risk factors contributing to ICU transfers after TJA.



Conclusion
This study provides important insights into determinants correlated with  severe, life-threatening complications (CD°IV) requiring ICU admission after total joint arthroplasty (TJA). Using propensity score matching and comprehensive data analysis, we identified “frailty”, pre-existing cardiological and gastrointestinal comorbidities, and the use of anticoagulants as independent predictors of ICU transfers following TJA. Medical complications - especially cardiological, pulmonary, renal, neurological, and gastrointestinal -  seem to be drivers of adverse outcomes. The results highlight the complex interplay between patient vulnerability, pre-existing conditions, and perioperative factors in determining ICU admissions. This study emphasizes the importance of pre-habilitation, perioperative optimization, and multidisciplinary care in improving outcomes for high-risk patients.  Variables like BMI and rheumatic medications showed no significant associations, suggesting  complex multifactorial interactions  beyond this analysis.
Future prospective, multicenter studies are needed to validate these findings and  develop targeted strategies  to improve safety and outcomes in vulnerable TJA populations. This study contributes to the growing body of literature emphasizing the need for personalized approaches to orthopedic surgical care.
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Supplementary Material:
Appendix 1: Medical Complications after TJA, THA and TKA
	Total Joint Arthroplasty (TJA)

	

	Controls
(n=142)
	CD°IV Patients
(n=142)
	total population
(n=284)
	p-value

	Medical Complications n (%)
Pulmonary n (%)
Cardiological n (%)
Renal n (%)
Neurological n (%)
Gastrointestinal n (%)
Anemia n (%)
Electrolyte derangement n (%)
Urinary tract infection n (%)
Decubitus n (%)
TVT n (%)
	86 (60.6)
3 (2.1)
3 (2.1)
5 (3.5)
8 (5.6)
4 (2.8)
58 (40.8)
25 (17.6)
5 (3.5)
3 (2.1)
0 (0)
	139 (97.9)
35 (24.6)
49 (34.5)
18 (12.7)
40 (28.2)
22 (15.5)
87 (61.3)
53 (37.3)
7 (4.9)
8 (5.6)
1 (0.7)
	225 (79.2)
38 (13.4)
52 (18.3)
23 (8.1)
48 (16.9)
26 (9.2)
145 (51.1)
78 (27.5)
12 (4.2)
11 (3.9)
1 (0.4)
	<.001*
<.001*
<.001*
.005*
<.001*
<.001*
<.001*
<.001*
.565*
.124*
1.0**

	Total Hip Arthroplasty (THA)

	

	Controls
(n=66)
	CD°IV Patients
(n=78)
	total population
(n=144)
	p-value


	Medical Complications n (%)
Pulmonary n (%)
Cardiological n (%)
Renal n (%)
Neurological n (%)
Gastrointestinal n (%)
Anemia n (%)
Electrolyte derangement n (%)
Urinary tract infection n (%)
Decubitus n (%)
TVT n (%)
	44 (66.7)
2 (3.0)
0 (0)
0 (0)
2 (3.0)
3 (4.5)
36 (54.5)
12 (18.2)
4 (6.1)
1 (1.5)
0 (0)
	78 (100)
19 (24.4)
27 (34.6)
10 (12.8)
23 (29.5)
14 (17.9)
59 (75.6)
28 (35.9)
3 (3.8)
4 (5.1)
0 (0)
	122 (84.7)
21 (14.6)
27 (18.8)
10 (6.9)
25 (17.4)
17 (11.8)
95 (66.0)
40 (27.8)
7 (4.9)
5 (3.5)
0 (0)
	<.001*
<.001*
<.001*
.002**
<.001*
.013*
.008*
.018*
.703**
.375**
NA

	Total Knee Arthroplasty (TKA)

	

	Controls
(n=76)
	CD°IV Patients
(n=64)
	total population
(n=140)
	p-value


	Medical complications n (%)
Pulmonary n (%)
Cardiological n (%)
Renal n (%)
Neurological n (%)
Gastrointestinal n (%)
Anemia n (%)
Electrolyte derangement n (%)
Urinary tract infection n (%)
Decubitus n (%)
TVT n (%)
	42 (55.3)
1 (1.3)
3 (3.9)
5 (6.6)
6 (7.9)
1 (1.3)
22 (28.9)
13 (17.1)
1 (1.3)
2 (2.6)
0 (0)
	61 (95.3)
16 (25.0)
22 (34.4)
8 (12.5)
17 (26.6)
8 (12.5)
28 (43.8)
25 (39.1)
4 (6.3)
4 (6.3)
1 (1.6)
	103 (73.6)
17 (12.1)
25 (17.9)
13 (9.3)
23 (16.4)
9 (6.4)
50 (35.7)
38 (27.1)
5 (3.6)
6 (4.3)
1 (0.7)
	<.001*
<.001*
<.001*
.229*
.003*
.012**
.069*
.004*
.178**
.412**
.457**



TJA = Total joint arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, complications = pooled medical and surgical complications, medical complications include cardiological, pulmonary, renal, thromboembolic (TVT), neurological and cerebrovascular AEs, delirium, urinary tract infection, electrolyte derangement and anemia requiring transfusion, bold values = p ≤ 0.05, *Chi-square-test. **Fishers-exact test




Appendix 2: Multivariate Regression Analysis: Complications
	Total Joint Arthroplasty (TJA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	Pulmonary 

	3,743
	,685
	29,862
	1
	<,001
	42,210
	11,02 – 161,6

	Cardiological 
	4,624
	,671
	47,540
	1
	<,001
	101,873

	27,368 - 379,203

	
Renal 

	2,746
	,614
	19,994
	1
	<,001
	15,586
	4,676 - 51,943

	Neurological 

	3,001
	,500
	36,006
	1
	<,001
	20,105
	7,544 -53,582

	GIT 

	3,446
	,630
	29,928
	1
	<,001
	31,368
	9,127 - 107,803

	Anemia

	,735
	,370
	3,959
	1
	,047
	2,086
	1,011 - 4,305

	Intercept
	-2,451
	,345
	50,374
	1
	<,001
	,086
	

	Total Hip Arthroplasty (THA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	Pulmonary 

	2,447
	,792
	9,553
	1
	,002
	11,549
	2,448 - 54,495
	

	Neurological 

	2,855
	,777
	13,514
	1
	<,001
	17,367
	3,791 - 79,562
	

	
GIT

	2,085
	,680
	9,397
	1
	,002
	8,046
	2,121 - 30,518
	

	Intercept
	-,681
	,224
	9,260
	1
	,002
	,506
	

	Total Knee Arthroplasty (TKA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	Pulmonary 

	3,542
	1,086
	10,631
	1
	,001
	34,531
	4,108 - 290,301
	

	Cardiological 
	3,109
	,688
	20,420
	1
	<,001
	22,405
	5,816 - 86,302
	

	
Neurological 


	1,921
	,586
	10,728
	1
	,001
	6,827
	2,163 - 21,550
	

	GIT

	3,121
	1,123
	7,727
	1
	,005
	22,658
	2,510 - 204,537
	

	Intercept
	-1,467
	,286
	26,265
	1
	<,001
	,231
	


TJA = Total joint arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, Secondary diagnoses = pre-existing preoperative secondary diagnoses, bold values = p ≤ 0.05; 




Appendix 3: Preoperative Comorbidities
	Total Joint Arthroplasty (TJA)

	

	Controls
(n=142)
	CD°IV Patients
(n=142)
	total population
(n=284)
	p-value

	Secondary diagnoses n (%)

Type 2 Diabetes mellitus n (%)
Preoperative anemia n (%)
Nicotine abuse n (%)
Depression n (%)
Osteoporosis n (%)
Malnutrition n (%)
Preoperative chronic CRP-Increase n (%)
Rheumatic disease n (%)
Cardiological disease n (%)
Pulmonary disease n (%)
Neurovascular disease n (%)
Haemato-oncological disease n (%)
Gastrointestinal disease n (%)
	


23 (16.2)
7 (4.9)
5 (3.5)
15 (10.6)
23 (16.2)
31 (21.8)
8 (5.6)
21 (14.8)
108 (76.1)
20 (14.2)
25 (17.6)
20 (14.1)
9 (6.3)
	


28 (19.7)
4 (2.8)
11 (7.7)
12 (8.5)
29 (20.4)
40 (28.2)
11 (7.7)
14 (9.9)
125 (88.0)
30 (21.1)
42 (29.6)
33 (23.2)
25 (17.6)
	


51 (18.0)
11 (3.9)
16 (5.6)
27 (9.5)
52 (18.3)
71 (25.0)
19 (6.7)
35 (12.3)
233 (82.0)
50 (17.7)
67 (23.6)
53 (18.7)
34 (12.0)
	


.440*
.356*
.123*
.544*
.357*
.217*
.476*
.206*
.009*
.126*
.018*
.048*
.003*

	Total Hip Arthroplasty (THA)

	

	Controls
(n=66)
	CD°IV Patients
(n=78)
	total population
(n=144)
	p-value


	Secondary diagnoses n (%)

Type 2 Diabetes mellitus n (%)
Preoperative anemia n (%)
Nicotine abuse n (%)
Depression n (%)
Osteoporosis n (%)
Malnutrition n (%)
Preoperative chronic CRP-Increase n (%)
Rheumatic disease n (%)
Cardiological disease n (%)
Pulmonary disease n (%)
Neurovascular disease n (%)
Haemato-oncological disease n (%)
Gastrointestinal disease n (%)
	


12 (18.2)
2 (3.0)
2 (3.0)
7 (10.6)
16 (24.2)
12 (18.2)
4 (6.1)
7 (10.6)
50 (75.8)
8 (12.1)
10 (15.2)
9 (13.6)
3 (4.5)
	


16 (20.5)
2 (2.6)
7 (9.0)
8 (10.3)
19 (24.4)
23 (29.5)
7 (9.0)
10 (12.8)
68 (87.2)
16 (20.5)
25 (32.1)
20 (25.6)
11 (14.1)
	


28 (19.4)
4 (2.8)
9 (6.3)
15 (10.4)
35 (24.3)
35 (24.3)
11 (7.6)
17(11.8)
118 (81.9)
24 (16.7)
35 (24.3)
29 (20.1)
14 (9.7)
	


.725*
1.0**
.180**
.945*
.987*
.115*
.512*
.682*
.076*
.178*
.018*
.073*
.054*

	Total Knee Arthroplasty (TKA)

	

	Controls
(n=76)
	CD°IV Patients
(n=64)
	total population
(n=140)
	p-value


	Secondary diagnoses n (%)

Type 2 Diabetes mellitus n (%)
Preoperative anemia n (%)
Nicotine abuse n (%)
Depression n (%)
Osteoporosis n (%)
Malnutrition n (%)
Preoperative chronic CRP-Increase n (%)
Rheumatic disease n (%)
Cardiological disease n (%)
Pulmonary disease n (%)
Neurovascular disease n (%)
Haemato-oncological disease n (%)
Gastrointestinal disease n (%)
	

12 (15.8)
5 (6.6)
3 (3.9)
8 (10.5)
7 (9.2)
19 (25.0)
4 (5.3)
14 (18.4)
58 (76.3)
12 (15.8)
15 (19.7)
11 (14.5)
6 (7.9)
	

12 (18.8)
2 (3.1)
4 (6.3)
4 (6.3)
10 (15.6)
17 (26.6)
4 (6.3)
4 (6.3)
57 (89.1)
14 (21.9)
17 (26.6)
13 (20.3)
14 (21.9)
	

24 (17.1)
7 (5.0)
7 (5.0)
12 (8.6)
17 (12.1)
36 (25.7)
8 (5.7)
18 (12.9)
115 (82.1)
26 (18.6)
32 (22.9)
24 (17.1)
20 (14.3)
	

.643*
.454**
.702**
.368*
.247*
.833*
1.0**
.032*
.050*
.356*
.338*
.361*
.019*



TJA = Total joint arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, Secondary diagnoses = pre-existing preoperative secondary diagnoses, bold values = p ≤ 0.05; *Chi-square-test. **Fishers-exact test


Appendix 4: Potentially risk generating medication
	Total Joint Arthroplasty (TJA)

	

	Controls
(n=142)
	CD°IV Patients
(n=142)
	total population
(n=284)
	p-value

	Potentially risk generating medication  
n (%)

Anticoagulants n (%)
Thrombocyte aggregation inhibitors n (%)
NOAC n (%)
Coumarin-derivates n (%)
	



34 (23.9)
16 (11.3)
7 (4.9)
11 (7.7)

	


69 (48.6)
47 (33.1)
19 (13.4)
7 (4.9)
	


103 (36.3)
63 (22.2)
26 (9.2)
18 (6.3)
	


<.001*
<.001*
.014*
.330*

	RA medication
Immunomodulatory medication n (%)
Cortisone n (%)
	

4 (2.8)
6 (4.2)

	

2 (1.4)
9 (6.3)

	

6 (2.1)
15 (5.3)

	
.684**
.426*

	Total Hip Arthroplasty (THA)

	

	Controls
(n=66)
	CD Patients
(n=78)
	total population
(n=144)
	p-value
.154*

	Potentially risk generating medication  
n (%)

Anticoagulants n (%)
Thrombocyte aggregation inhibitor n (%)
NOAK n (%)
Coumarin-derivates n (%)
	


17 (25.8)
7 (10.6)
4 (6.1)
6 (9.1)
	


35 (44.9)
24 (30.8)
9 (11.5)
3 (3.8)
	


52 (36.1)
31 (21.5)
13 (9.0)
9 (6.3)
	


.017*
.003*
.253*
.301**

	RA medication
Immunosuppressive medication n (%)
Cortisone n (%)
	
1 (1.5)
4 (6.1)
	
1 (1.3)
5 (6.4)
	
2 (1.4)
9 (6.3)
	
1.00 **
1.00**

	Total Knee Arthroplasties (TKA)

	

	Controls
(n=76)
	CD Patients
(n=64)
	total population
(n=140)
	p-value
.154*

	Potentially risk generating medication  
n (%)

Anticoagulants n (%)
Thrombocyte aggregation inhibitor n (%)
NOAK n (%)
Coumarin-derivates n (%)
	


17 (22.4)
9 (11.8)
3 (3.9)
5 (6.6)
	


34 (53.1)
23 (35.9)
10 (15.6)
4 (6.3)
	


51 (36.4)
32 (22.9)
13 (9.3)
9 (6.4)
	


<.001*
<.001*
.018*
1.0**

	RA medication
Immunosuppressive medication n (%)
Cortisone n (%)
	
3 (3.9)
2 (2.6)
	
1 (1.6)
4 (6.3)
	
4 (2.9)
6 (4.3)
	
.625 **
.412**



TJA = Total joint arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, Secondary diagnoses = pre-existing preoperative secondary diagnoses, Potentially risk generating medication  = medications that have already been taken preoperatively and cause potential risk factors, anticoagulants include pooled thrombocyte aggregation inhibitors, new oral anticoagulants and coumarin-derivates, NOAC = new oral anticoagulants, RA medication = medication for rheumatic diseases, immunomodulatory medication includes disease-modifying antirheumatic drugs (DMARDs) like Methotrexat, biologicals, Sulfasalazin, Leflunomid, Hydroxychloroquin and Azathriopin,  bold values = p ≤ 0.05; *Chi-square-test. **Fishers-exact test


Appendix 5: Multivariate Regression Analysis: preoperative secondary diseases and medication
	Total Joint Arthroplasty (TJA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	Cardiological 
	,703
	,356
	3,888
	1
	,049
	2,020
	1,004 - 4,062
	

	
GIT

	1,101
	,427
	6,652
	1
	,010
	3,008
	1,303 - 6,944
	

	HFRS

	,128
	,041
	9,987
	1
	,002
	1,137
	1,050 - 1,230
	

	Anticoagulants

	,989
	,270
	13,365
5
	1
	<,001
	2,688
	1,582 - 4,567
	

	Intercept
	-1,525
	,373
	16,717
7
	1
	<,001
	,218
	
	

	Total Hip Arthroplasty (THA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	HFRS

	,108
	,048
	5,088
	1
	,024
	1,115
	1,014 – 1,225
	

	Anticoagulants

	,836
	,368
	5,152
	1
	,023
	2,308
	1,121 - 4,751
	

	Intercept
	-,561
	,281
	3,987
	1
	,046
	,571
	
	

	Total Knee Arthroplasty (TKA)

	Variable

	Beta
	SE
	Wald
	df
	p-value
	Odds Ratio
	95% Confidence interval

	
GIT

	1,250
	,547
	5,223
	1
	,022
	3,489
	1,195 - 10,190
	

	Anticoagulants

	1,401
	,381
	13,535
	1
	<,001
	4,057
	1,924 - 8,556
	

	Intercept
	-,863
	,244
	12,467
	1
	<,001
	,422
	
	


TJA = Total joint arthroplasty, THA = Total hip arthroplasty, TKA = Total knee arthroplasty, Clavien-Dindo IV (CD°IV) = life threatening complications leading to transfer to an intermediate care unit or intensive care unit, Secondary diagnoses = pre-existing preoperative secondary diagnoses, bold values = p ≤ 0.05; 
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