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1. Introduction 

Historically, an adequate Kt/V during hemodialysis was mediated by the combination of filter 

clearance and time spent on renal replacement therapy (RRT). With the evolution of RRT technology, 

identical Kt/Vs have been re-created but within a much shorter time, using larger dialysis filters and higher 

flow rates, leading to a potential deterioration of overall well-being and hemodynamical stability. The 

clearance of large-size uremic toxins is primarily dependent on time spent on RRT; not surprisingly, several 

true markers of uremia (phenylacetylglutamine, hippurate, indoxyl sulfate) maintain a markedly elevated level 

on chronic hemodialysis (x40-120), despite receiving what appears to be an adequate dialysis by small solute 

clearance criteria. The last one decade has witnessed re-emergence of a broader view in clinical nephrology, 

emphasizing the use of fistulas, pre-dialysis nephrology care, and maneuvers to preserve residual renal 

function during the care of these patients. Additional considerations are the length of effective dialysis 

received, the presence of inflammation with vascular access catheters and suboptimal compliance with dietary 

and fluid restrictions complicating effective therapy. Unlike chronic RRT patients, critically ill renal patients 

are much more heterogeneous with an acute component of renal dysfunction, further confounding the 

interpretation of serum creatinine. The practical value of creatinine is much limited in this setting and different 

cut-off values may apply to start renal replacement technologies in critically ill. In our former paper, we 

observed better outcomes in those with shorter wait-time before continuous renal replacement therapy 

(CRRT) and in those with impaired baseline creatinine. Further, the change in creatinine between admission 

and the initiation of CRRT was statistically different between survivors and non-survivors (1.6 vs. 2.6 mg/dL, 

p=0.023). Since the early 2000s, the early goal-directed therapy in sepsis has created a practice pattern of 

aggressive volume resuscitation in the Intensive Care Units (ICU). However, over-aggressive volume 

resuscitation is also harmful and indiscriminate fluid overload has been associated with increased morbidity 

and mortality in patients with acute respiratory distress syndrome, sepsis, in surgical ICU patients and those 

with abdominal compartment syndrome. Volume overload may also mask the rise of serum creatinine and 

markedly underestimate the degree of renal functional impairment. At first, pediatric studies indicated that 

fluid overload at the initiation of CRRT was associated with increased mortality. On the other hand, the impact 

of fluid overload for survival in adults was not well studied until recently and it remains uncertain whether 

CRRT can meaningfully influence prognosis, when compared with hemodialysis. Considering the above, 

there was a critical need to re-assess the impact of volume overload in critically ill patents, especially as it 

pertains to the trigger point of initiating RRT. 
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2. Objective 

2.1 Volume-related weight gain study 

Literature emerging around the middle of the first decade of the 21st century strongly suggested an 

adverse impact of volume overload in surgical settings for adults and in critically ill children with acute kidney 

injury (AKI). On the other hand, the impact of volume overload in adults with AKI was little explored at that 

time. Since fluid overload is associated with decreased survival in non-renal patients, we hypothesized that 

larger volume-related weight gain (VRWG) prior to RRT may be associated with higher mortality in critically 

ill AKI patients treated with CRRT. 

Specific research goals: 

1. To determine the degree of volume overload experienced in a cohort of critically ill patients before 

being started on CRRT. 

2. To examine the association of VRWG with subsequent outcomes in these critically ill patients. 

2.2 Dialysis prescription and inflammatory markers on dialysis study 

Unlike in AKI patients, the source of fluid overload in end-stage renal disease (ESRD) patients is 

not exogenous IV fluid but represents the dietary intake of both salt (sodium-chloride) and water. Time spent 

on maintenance dialysis, both for the patients and providers’ convenience, became progressively reduced in 

the era of high-flux dialyzers by the early 2000s and time itself turned into a relatively neglected clinical 

parameter. Since treatment time and ultrafiltration (UF) rate both correlate with patient survival, we 

hypothesized that long treatments with a slow UF rate may also influence the control of inflammation on 

dialysis.  

Specific research goals: 

1. To examine the association of time on chronic hemodialysis on serum C-reactive protein (CRP) 

and albumin. 

2. To examine the association of hourly UF rate on chronic hemodialysis with serum CRP and 

albumin levels. 

2.3 Vascular catheter access removal studies 

Permanent or semi-permanent (long-term) intravascular access catheters became routine from 

1990 on and escalated in the last two decades in dialysis patients.  These foreign materials create a state of 

low-degree inflammation and contribute to excess infectious risk and mortality in ESRD patients. In such 

context, we wanted to examine the circumstances, indications and clinical success rate of an emerging 
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nephrology procedure, the bedside removal of these catheters.  Our study hypothesis was that bedside removal 

of tunneled dialysis catheter (TDC) by a nephrologist is safe and effective, both for in- and outpatients and 

when performed by physicians during graduate medical education training. Our secondary objective was to 

examine the associations between select biomarkers (CRP, troponin-I) and clinical indications for TDC 

removals in our inpatient cohort. 

Specific research goals: 

1. To determine success rate with bedside removal of TDCs, including the safety and efficacy of such 

procedure in both inpatient and outpatient settings. 

2. To examine the impact of vascular access catheters on certain serum biomarkers (CRP, troponin-

I) in patients undergoing removal of semi-permanent vascular access catheters. 

 

3. Methods 

My proposed thesis will be supported by my existing publications on the subject. Herewith, I 

would like to review the Materials and Methods of the studies I have utilized to develop this thesis, including 

one study examining the importance of volume-related weight gain before CRRT, an another one examining 

the cross-sectional associations of inflammatory markers with treatment time during conventional 

hemodialysis and two studies on TDC removal.  

3.1 Volume-related weight gain study 

3.1.1 Study population, definitions and variables of interest 

We prospectively collected data in 81 patients treated with CRRT at the University of Mississippi 

Medical Center (UMMC), Jackson, MS (United States of America) over an 18-month period from January 

2003 to June 2004. The patients were considered to have AKI if their serum creatinine increased by 0.5 mg/dL 

(44.2 mol/L) or greater from baseline or if they had an abnormal serum creatinine at the presentation with 

no known baseline value.  Oliguria was defined as an average urine output of less than 20 mL/hour for at least 

12 hours before enrollment.  VRWG was defined as the difference between the initial (first available) weight 

and the weight at the initiation of CRRT. Weight gain percentage (%) was interpreted as a difference in 

percentage between the initial weight and weight obtained at the initiation of CRRT.  The diagnosis of sepsis 

was a clinical diagnosis as stated on the medical record and Apache II scores were calculated at the time of 

the renal consult was obtained. The principal outcome was mortality on day 30.  
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3.1.2 Statistical methods 

The primary goal of the study was to examine the effect of various cut-off net fluid accumulations, that 

is VRWG ≥10% or ≥20% and oliguria as variables associated with mortality.  Additional variables included 

age, sex, chart diagnosis of sepsis, Apache II scores, CRRT dose, creatinine level at the initiation of CRRT, 

absolute change form of creatinine, days waited and ICU location.  A cross-sectional analysis of selected 

variables was conducted to identify correlates with mortality. Chi-square tests were used for bivariate analyses 

of correlations between selected variables and mortality. Independent t-tests were performed to assess the 

correlations of continuous variables with mortality. Multivariate logistic analyses were conducted for more 

complex correlations. The data were analyzed using SPSS version 16 (SPSS Inc., Chicago, IL) and Minitab 

(version 13; Minitab Inc., State College, PA).  

3.2 Dialysis prescription and inflammatory markers on dialysis study  

3.2.1 Study population, definitions and variables of interest 

We have undertaken a cross-sectional study in a network of 12 hemodialysis centers including all 

Diaverum hemodialysis units in Hungary and the UMMC outpatient hemodialysis unit in Jackson, MS, USA.  

All patients receiving in-center maintenance hemodialysis three times a week were recruited for the study.  

Patient- and dialysis-related characteristics, comorbidity diagnoses, acute events, medication use, and other 

covariates were extracted in July, 2007.  Treatment time was defined as the average length of dialysis sessions 

in minutes recorded during the index month.  The UF rate was defined as the hourly volume removed in mL 

per kg of body weight (mL/kg/hour) and averaged over the index month.  Serum albumin and CRP were 

measured as part of the routine care.  Albumin was measured by Bromocresol green methods (Diagnosticum 

Zrt., Hungary; Spectra Laboratories, USA) and reported in gm/L or gm/dL.  CRP was measured by 

immunoturbidimetric assay and reported as either < 5 mg/L, any numerical value above 5 mg/L (Spectra 

Laboratories, USA) or numerical values both below and above 5 mg/L (APTEC, Belgium). 

3.2.2 Statistical methods 

Data on patient characteristics are shown as mean ±SD for continuous variables or percentages for 

categorical variables.  Serum albumin and CRP were used as continuous variables in the analysis of 

covariance (ANCOVA) models and categorized as bivariate during logistic regression.  In our study, we a 

priori dichotomized albumin values at 40 gm/L (approximate mid-normal range value) with albumin > 40 

gm/L designated as a favorable outcome for purposes of logistic regression analysis; conversely, albumin ≤ 

40 gm/dL was designated as low albumin or failure to reach normal albumin levels.  Similarly, CRP was 

dichotomized at 5 mg/L, with CRP ≤ 5 mg/L being designated as a favorable outcome, CRP > 5 mg/L as 

failure.  Potential factors associated with inflammation were tested in ANCOVA models, with an initial 23 

variables model narrowed down to 15 variables.  Logistic regression models were constructed to calculate 
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Odds Ratio (OR) with 95% confidence intervals (CI) predicting favorable outcomes of CRP and albumin. 

Treatment time was dichotomized at four hours and entered into logistic regression modeling as a categorical 

variable of > 4 hours for “long” treatment time and ≤ 4 hours for “short” treatment time. The initial logistic 

regression model operated with the same 15 independent variables as the second ANCOVA model. Stepwise 

selection was applied in logistic regression modeling to assess the individual contribution of major predictors. 

All statistical analyses were performed using SPSS 16 (SPSS Inc., Chicago, IL). 

3.3 Vascular access catheter removal studies 

3.3.1 Study population, definitions and variables of interest 

Our catheter removal experience consisted of two studies, Study A and Study B. Study A consisted 

of a retrospective cohort of a consecutive 3-year bedside TDC removal experience among hospitalized 

subjects at the UMMC (January 01, 2007 to December 31, 2009). Study B consisted of a review of mixed 

inpatient and outpatient bedside TDC removals from January 1, 2010 to June 30, 2013 at UMMC. For study 

A, we reviewed and collected data on multiple patient-related variables: age, ethnicity, sex and highest blood 

urea nitrogen (BUN), creatinine and blood coagulation tests within 24 hours of the procedure. Additionally, 

we collected data on certain other peri-procedure parameters up to three days before and after the procedure 

which consisted of peak and nadir white blood cell count (WBC); nadir hemoglobin, nadir platelet count and 

vital signs (temperature, heart rate, blood pressure). Two additional biochemical parameters associated with 

inflammation and myocardial stress, CRP and troponin-I were searched for and recovered from medical 

records, if available within 48 hours of TDC removal.  Procedure-related variables, which included the 

indication for the procedure, the site and location of removal and any complications or difficulties during the 

procedure were recorded from the teaching log of the author of the present thesis.  For study B, we collected 

data on similar variables but within three days before and after the procedure.  

3.3.3 Statistical methods 

Upon review of both electronic and paper-based medical records, pre-defined information was 

collected in Microsoft Excel data sheets.  Data were analyzed using SPSS Statistics 19 (IBM Corporation, 

Armonk, NY) and reported with means ±SD or medians 25-75% IQR for descriptive data; Pearson’s 

correlation and chi-square as well as independent-samples t-test were utilized for statistical comparisons.  
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4. Results 

4.1 Volume-related weight gain in critically ill patients with AKI and subsequent mortality  

A total of 81 patients met inclusion criteria for the study, with mean age 51.4 years ±16.7 years, 24 of 

which were female (30%). The overall raw mortality rate for the cohort was 50.6%.  Mean VRWG was 8.3 

±9.6 kg (range: -10.5 to +45.9 kg) and mean percent weight gain was 10.2 ±13.5% (range: -11 to +81%).  

Oliguria was present in 53 patients (65.4%) before CRRT commenced. Thirty-eight patients (46.9%) had 

VRWG ≥10% and thirteen patients (16%) had ≥20% VRWG.  WRVG ≥10% (p=0.046) and oliguria (p=0.020) 

were significantly associated with death (FIGURE 1.1). Compared with the reference group of <10% VRWG, 

those gaining ≥10% before CRRT initiation had a more than doubled unadjusted risk of mortality in the cohort 

(OR 2.62, 95% CI: 1.07-6.44; p=0.046).  When the patients were stratified using 20% VRWG as the cut-off 

point (FIGURE 1.2), the odds ratio for death in the patients with VRWG ≥20% was even higher, compared 

with the patients with VRWG <20% (OR 3.98, 95% CI: 1.01-15.75) albeit nominal significance was lost 

(p=0.067). Separating the cohort into three categories of VRWG (<10%; ≥10 but <20%; ≥20%) was 

associated with a stepwise progressive increase of mortality: 39.5% (17 of 43), 56% (14 of 25) and 76.9% (10 

of 13).  Accordingly, against a reference group of VRWG <10%, OR for death was increased to 1.95 (95% 

CI: 0.72–5.28; p = 0.191) in the group with intermediate weight gains (≥10 but <20%) and to 5.10 (95% CI: 

1.22–21.25; p = 0.025) in the group with severe (≥20%) weight gains. Of the forty-one deceased patients 32 

had oliguria with an unadjusted OR of death 3.22 (95% CI: 1.23-8.45, p=0.02) for oliguria. Finally, we 

performed a multivariate modeling to assess the correlations of other potential risk factors for death in these 

patients. When analyzed together, both oliguria (p=0.021) and ≥10 weight gain (p=0.042) maintained 

independent significance. When sepsis and Apache II scores were included in the modeling, once again, 

oliguria (OR 3.04, p=0.032) and ≥10% weight gain (OR 2.71, p=0.040) maintained significance in the more 

complex modeling. The effect of sepsis and Apache II scores remained non-significant on multivariate 

analysis. Altogether, the combined presence of oliguria and ≥10% weight gain explained approximately 12% 

of the observed mortality. Including into the logistic regression model creatinine level at CRRT initiation, 

CRRT dose and days waited for CRRT abolished the association of mortality with VRWG ≥10% (p=0.196; 

OR 0.71-5.29), but not with oliguria (OR 3.94; 95% CI 1.37-11.37; p=0.011) (R2 0.16). As larger VRWG was 

also associated with lower serum creatinine (5.5 ±2.4 mg/dL vs. 4.5 ±1.8 mg/dL with lower creatinine in 

VRWG≥10%; p=0.039), adjusting for creatinine at CRRT start may have resulted in simultaneous adjustment 

for larger fluid gains in those with larger fluid gains and dilution of serum creatinine.  
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Figure 1.1 and 1.2. Association between VRWG and Mortality at different cut-offs of VRWG 

Asterisk (*) indicating statistical significance (p<0.05) 

 

4.2 Dialysis prescription and inflammatory markers during conventional hemodialysis  

Of the 626 reviewed patients, 616 (98.4%) met our inclusion criteria for undergoing maintenance 

hemodialysis three times a week in the 12 participating centers and having at least one of the critical data 

(albumin or CRP) obtained during the data collection period available for further analysis.  The distribution 

of serum albumin values by treatment time and UF rate is shown in FIGURE 2. and FIGURE 3., respectively. 

CRP was highly variable with a wide range (undetectable to 146.8 mg/L) and ≤5 mg/L in 252 (41%) of the 

cohort. Mean albumin levels were 39.4 ±4.69 g/L among subjects receiving “short” (≤4 hours) treatment and 

41.62 ±3.39 gm/L among those receiving “long” treatment (>4 hours).  Stepwise selection was applied in 

logistic regression modeling to assess the individual contribution of major predictors.  For albumin, failure to 

reach more than 40 g/L in Step 4 correlated with short treatment time, Caucasian ethnicity, dialysis vintage 

and the presence of acute infection. Treatment time of longer than 4 hours was associated with decreased odds 

of low albumin (OR 0.397, 95% CI: 0.235-0.672; p<0.001). Being Caucasian increased the likelihood of 

failing to reach the albumin target (OR 2.304, 95% CI: 1.462-3.630; p<0.0001), as did acute infection (OR 

2.240, 95% CI: 1.327-3.780; p=0.003) and dialysis vintage (OR 0.995, 95% CI: (0.991-1.000), p=0.043). On 

the other hand, UF rate was not found to be a significant correlate of failure to reach > 40 gm/L albumin. 

Separating CRP according to treatment time, mean CRP in the short-treatment cohort was 12.05 ±18.78 mg/L 

and 11.23 ±15.62 mg/L in the long-treatment-time subgroup.  Logistic regression demonstrated that factors 

correlating with high CRP were age, congestive heart failure (CHF), lower dry weight and vascular access 

type. During stepwise selection, only the presence of CHF (OR 1.634, 95% CI: 1.154-2.312; p=0.006) and 

acute infection (OR 1.799, 95% CI: 1.059-3.056, p=0.03) remained positive correlates of a high CRP level. 

The significance of age decreased (OR 1.014, 95% CI 1.002-1.026; p=0.02) while dry weight and vascular 

access type lost significance.  UF rate was not found to be a significant correlate of either main outcomes. 
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Figure 2. Distribution of serum albumin by 

treatment time 

Figure 3.  Distribution of serum albumin by 

treatment time 

Abbreviations: UFR, ultrafiltration rate; HD, hemodialysis 

 

4.3 Tunneled Dialysis Catheter removal success rate and biomarkers 

4.3.1 Results of the Inpatient Cohort 

Our Study A population consisted of 55 hospitalized patients. All TDCs were removed at the 

bedside and most cases (50/55 or 90.9%) completed by nephrology fellows under attending physician’s 

supervision. Most cases had urgent indication for TDC removal with potential for harm with delays. These 

included proven (culture-positive) bacteremia in 36.4% of the cases, otherwise unexplained fever in 41.8% 

of the cases or clinical signs of sepsis with hemodynamic instability or respiratory failure in 20% of the cases. 

All removals were executed successfully without any retention of polyethylene (“Dacron”) cuffs or catheter 

fracture observed. One patient had prolonged local bleeding which was controlled with extended local 

pressure. None of the cases required interventional radiology or general surgery consultation for assistance. 

Peak CRP (available in 63.6% of the cohort) was 12.9 ±8.4 mg/dL (reference range: <0.49 ml/dL), median 

troponin-I (34% available) was 0.127 ng/mL [25-75% IQR 0.03-0.9] (reference range: <0.034 ng/mL) and 

they did not correlate with each other (p=0.848). We did not observe any association between CRP and clinical 

indications for TDC removal. Additionally, clinical sepsis (as indication for TDC removal) correlated with 

systolic BP nadir (p<0.0001), temperature (p=0.002) and the lowest platelet count (p=0.016).  Troponin-I had 

no association with systolic and diastolic BP or clinical sepsis as indication for TDC removal. However, 

troponin-I, as a continuous variable showed a trend with confirmed bacteremia (p=0.075); furthermore, the 

association of troponin-I as a bivariate variable (abnormal/normal) with bacteremia was statistically 

significant (Pearson’s chi-square p=0.049). 
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4.3.1 Results of the Mixed Inpatient-Outpatient Cohort  

For study B, general cohort characteristics are shown in TABLE 1. The sites and indications for 

removals are listed in TABLE 2. Most of the outpatient removals took place due to access maturation 

(p<0.0001). Like in Study A, all removal procedures were successful and tolerated without tear of the catheter 

itself but, unlike in study A, we observed Dacron “cuff” separation and subcutaneous retention in 6.5% of 

cases, all in males. There was a significant association between cuff retention and outpatient removal 

(p=0.007) but not with the operators’ training level, or the site of removal. Once again, similarly to study A, 

none of the patients required interventional radiology or general surgery consultation for assistance. 

 

 

 

 

 

 

 

 

 

 

 

 

aobtained with 72 hours 

Table 1.  Baseline Cohort Characteristics (N=138) 

 

Age (years) 50 (15.9) 

Gender (%, female) 49.3 

Race (%, African-American) 88.2 

 

Co-morbid Medical Conditions (%) 

Diabetes Mellitus  41 

Systemic Lupus Erythematosus  6 

Hypertension 85.1 

Recent Renal Transplant 6.6 
 

Biochemical Parameters 

Blood Urea Nitrogen, highest (mg/dL)a 

(n=109) 

46.4 (18.9) 

Creatinine, highest (mg/dL)a (n=109) 7.7 (3.9) 

Platelet count, nadir (x103/mm3)a  

(108) 

223.4 

(108.5) 

Prothrombin Time International Normalized Ratio, highesta 

(n=56) 

1.12 (0.31) 

Partial Thromboplastin Time, highest (sec)a (n=58) 33.1 (8.5) 

WBC count, peak (x103/mm3)a (n=108) 9 (4.7) 

Hemoglobin, nadir (gm/dL)a (n=108) 10.2 (1.5) 
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Table 2.  Procedure Location and Indications for Tunneled Dialysis Catheter 
(TDC) Removal (N=138) 

 

Location of TDC removed (%) 

Femoral vein (left or right) 8 

Right Internal Jugular Vein 76.8 

Left Internal Jugular Vein 15.2 

Place of TDC Removal (%, outpatient services) 44.9 

Indication for TDC Removal (%) 

Bacteremia  30.4 

Fever (temperature >38 Co), Sepsis or Clinical Concerns for Infection 15.2 

Exit Site Infection (as sole indication) 1.4 

TDC “no longer needed” (renal recovery or access maturation) 52.2 
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5. Conclusions 

5.1. In a single-center trial of eighty-one subjects, we found that fluid overload was common (46.9% had 

weight gain ≥10%) and an important prognostic factor for survival in critically ill AKI patients, subsequently 

treated with CRRT. Increasing VRWG had a graded adverse impact on 30-day survival, with mortality 

increasing by two and half times in those with VRWG ≥10% (OR 2.62, 95% CI: 1.07-6.44; p=0.046) and 

almost four times with VRWG ≥20% (OR 3.98, 95% CI: 1.01-15.75; p=0.067) in univariate analysis. Oliguria 

was also a strong predictor of death, with OR for mortality 3.22 (95% CI: 1.23-8.45; p=0.02). Both oliguria 

(OR 3.04, p=0.032) and VRWG ≥10% (OR 2.71, p=0.040) maintained respective statistically significant 

association with mortality in multivariate models that included sepsis and/or Apache II scoring. Therefore, 

among the first in adult medicine, we established fluid overload before CRRT to be an important prognostic 

factor for survival in critically ill patients with AKI.  

5.2. We found that treatment time during conventional in-center HD had a significant cross-sectional 

association with serum albumin but not with CRP. In our study of >600 participants, treatment time longer 

than four hours was associated with a decreased risk of having low (< 40 gm/L) albumin levels with OR of 

0.397 (95% CI: 0.235-0.672; p<0.001). For elevated CRP, significant correlates were congestive heart failure 

(OR 1.634, 95% CI: 1.154-2.312; p=0.006) and acute infection (OR 1.799, 95% CI: 1.059-3.056; p=0.03).  

However, we have not observed an association between UFR and either CRP or albumin. To our knowledge, 

this constituted the first report demonstrating an association between treatment time and albumin levels in 

hemodialysis patients. A large number of our patients, both from the European and North American cohorts 

achieved serum albumin and CRP targets, albeit with relatively long treatment times (237 ±24 vs. 236 ±24 

minutes; approximately 15 minutes longer than the US average at that time). This study underlines and 

confirms the critical importance of time in good uremic control.  

5.3. We have documented an excellent efficacy (100% success rate) and good safety profile during bedside 

removals of TDC from a combined cohort of two studies and 192 subjects. About one-third of the TDC 

removals took place urgently due to bacteremia, and elevated troponin-I had statistically significant 

associations with catheter-induced bacteremia in inpatients (p<0.05). Most (>50%) of the outpatient removals 

took place due to access maturation or cessation of indication for renal dialysis (p<0.0001). During outpatient 

removals, we observed subcutaneous retainer cuff separation in 6.5% of cases, all in males. There was a 

significant association between cuff retention and outpatient removal (p=0.007) but not with the operators’ 

level of training, or the site of removal. However, we have not observed catheter body tear or frank 

complications (major vascular damage or air embolism). These studies underscore the potential for this 

procedure to enrich clinical nephrology training, contribute to timely care and improve clinical competency 

of practicing nephrologists. 
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