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Abstract

Objective—Our objectives were to evaluate trends in percutaneous endoscopic gastrostomy tube 

placement rate and timing in acute stroke patients. We hypothesized that non-compliance with 

clinical practice guidelines for timing of tube placement and an increase in placement has occurred 

in concordance with a decreased length of hospital stay.

Methods—We conducted a retrospective observational study of archival hospital billing data 

from the Florida state inpatient healthcare cost and utilization project database from 2001 to 2012 

for patients with the primary diagnosis of stroke. Outcome measures: timing of percutaneous 

endoscopic gastrostomy tube placements by year (2006 to 2012), rate of placements by year (2001 

to 2012), length of hospital stay. Univariate analyses, simple and multivariable logistic regression 

analyses were conducted.

Results—The timing of gastrostomy tube placement remained stable with a median of 7 days 

post admission from 2006 through 2012. The proportion of tubes that were placed at or after 14 

days and, thereby met the guideline recommendations, varied from 14.09% in 2006 to 13.41% in 

2012. The rate of tube placement in stroke patients during the acute hospital stay decreased 

significantly by 25% from 6.94% in 2001 to 5.22% in 2012 (p<0.0001). Length of hospital stay for 

all stroke patients decreased over the study period (p<0.0001).
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Conclusions—The vast majority of percutaneous endoscopic gastrostomy tube placements 

happen earlier than clinical practice guidelines recommend. Over the study period, the rate of 

tubes placed in stroke patients decreased during the acute hospital stay despite an overall reduced 

length of stay.
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Introduction

Percutaneous Endoscopic Gastrostomy (PEG) tubes are used to support nutrition and 

hydration in acute stroke patients. Commonly considered a low risk procedure, PEG tubes, 

however, are associated with short- and long-term complications [1-6]. Evidence exists 

linking PEG tube placement in the acute stage with worse outcomes, in terms of mortality, 

functional status and potential for tube removal [7]. Clinical practice guidelines, therefore, 

provide recommendations for the timing and indication of PEG tube placements in acute 

stroke patients. The American Heart Association/American Stroke Association (USA), the 

National Collaborating Centre for Acute Care (UK), the German Society for Clinical 

Nutrition (Germany) and the German Society for Neurology (Germany) all recommend PEG 

tube placement in stroke patients with a given medical indication after 14-28 days [8-11]. 

Further, the Scottish Intercollegiate Guidelines Network (Scotland), the German Society for 

Clinical Nutrition (Germany) and the German Society for Neurology (Germany) and the 

European Society for Clinical Nutrition and Metabolism (Europe) recommend placement of 

PEG tubes for patients with an anticipated prolonged need of enteral nutrition for more than 

28 days [6, 10-12].

Compliance with these guidelines seems to be especially challenging with the last decade’s 

increased tendency for shorter hospitalizations due in part to widespread changes in the 

payment for healthcare. Previous research supports the hypothesis that a decrease in the 

average length of hospital stay (LOS) can lead to a changes in practice patterns [13]. In 

terms of PEG tube placements, one can speculate that a shorter LOS for stroke patients 

might increase the pressure on clinical decision making for PEG tube placement. In 2010, 

the average LOS for stroke patients was 6.1 days in the US [14] and, therefore, notably 

below the recommended timing for PEG tube placements of 14-28 days.

The aim of our study was to evaluate current practice and trends in PEG tube placement rate 

and timing in order to identify discrepancies with guideline recommendations and to identify 

the potential to improve health care for acute stroke patients. Considering that stroke patients 

are usually in the hospital less than a week, we hypothesized: 1) that the timing of PEG tube 

placement happens earlier than clinical practice guidelines recommend and 2) that 

placement occurs near the end of the hospital stay. We further hypothesized that an increase 

in PEG tube placement in acute stroke patients has occurred.
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Methods

We conducted a retrospective analysis of hospital discharge billing data from the Healthcare 

Cost and Utilization Project (HCUP) Florida State Inpatient Database (SID) from 2001 to 

2012. This dataset includes all inpatient discharge records from acute care community 

hospitals. Discharge records were included for patients with a primary diagnosis of stroke 

(ICD-9-CM codes of 434.xx for ischemic or 431.xx for hemorrhagic stroke). These codes 

and code 436.xx were proven to be most accurate and highly specific [15]. Since 2004, the 

code 436.xx was removed and re-indexed to code 434.91. Thus, we excluded 436.xx for all 

years for consistency, while accepting that stroke patients coded with 436.xx before 2004 

may be underrepresented in our sample. PEG tube placement during a hospital stay should 

be coded through an ICD-9-CM procedure code, however in rare occasions a current 

procedure terminology (CPT) code might be used instead. Since CPT codes were not 

available in the analyzed database, we calculated the estimated amount of missed PEG tube 

placements by comparing CPT and ICD-9-CM procedure codes for PEG tube placement in 

Medicare data from 2012, which included both CPT and ICD-9-CM procedure codes. We 

found that in Medicare 2012, 2.5% of all PEG tube placements were missed by using ICD-9-

CM procedure codes only. Acknowledging this as a limitation of our study, we felt 

comfortable identifying PEG tube placement in the HCUP databases through the ICD-9-CM 

procedure code 43.11 only, because we anticipated that we will be able to identify the vast 

majority, 97.5%, of all PEG tube placements.

In addition to the comparison of CPT and ICD-9 procedure codes, we assessed whether 

differences in the number of diagnosis and procedure codes between the years may have 

caused an ascertainment bias. The years 2001-2005 only included 10 diagnosis and 10 

procedure codes, whereas 2006-2012 included 31 diagnosis and procedure codes. We 

compared the frequency of PEG tube placements by taking all 31 codes and by taking only 

the first 10 codes. The difference for the overall PEG placement rate when comparing these 

two approaches was between 0.04%-0.08% and, therefore, considered negligible.

Discharge records were analyzed for demographic characteristics (age, sex, race), stroke 

type (ischemic or hemorrhagic stroke), comorbidities (Charlson Comorbidity Index), death 

during hospital stay, and acute hospital length of stay (LOS) information. The Charlson 

Comorbidity Index is a validated method to predict 1-year mortality based on the presence 

and weighting of comorbid conditions as retrieved from medical chart reviews [16]. We used 

the enhanced, most recently updated, ICD-9-CM coding algorithms for the Charlson 

Comorbidity Index for which good-to-excellent discrimination in the prediction of in-

hospital mortality has been shown [17, 18]. Patients who died during the hospital stay 

remained in the analyses. Outcome measures were (a) timing of PEG tube placement 

(number of days after admission, number of days before discharge, and timing of placement 

in relation to total LOS), and (b) frequency of PEG tube placement. As a limitation, the 

timing of PEG tube placement could only be assessed from 2006 to 2012, because 

information on the day of procedures has only been included since 2006.

Univariate analyses for demographic and clinical information and timing of PEG tube 

placement were conducted. We determined differences in variables with bivariate 
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comparisons of the first (2001 or 2006) and last year (2012) with the Chi-Square Test or 

Wilcoxon Rank-Sum Test, where appropriate. Simple and multivariable logistic regression 

analyses determined the influence of the year as the main independent variable on the rate of 

PEG tube placement. To determine the final multivariable regression model, we used manual 

backward selection regression with increased Akaike Information Criterion and p-values of 

the covariates greater than 0.05 to determine final variable inclusion. To determine the 

impact of the covariates on the main predictor, year of placement, we examined the 

influence of the covariate by calculating the amount that the regression coefficient changed 

after adding the covariate. We defined each covariate that changed the regression coefficient 

of the variable year of placement by more than 20% as a confounding variable and defined 

variables that remained significant but changed the primary predictor estimate by less than 

20% as a control variable. Analyses were conducted using SAS statistical software (version 

9.3; SAS Institute, Inc., Cary, NC). Statistical significance was defined at 0.05. The study 

was reviewed by our institutional review board as not-human research.

Results

Patient Characteristics

From a total of 30,458,243 discharge records available in the database, we analyzed the 

334,273 discharge records from stroke patients amounting to approximately 30,000 records 

each year. The total number of stroke patients increased steadily from 2001 to 2012. Table 1 

shows the demographic and clinical characteristics for all stroke patients. Overall, patients 

had small, but statistically significant differences in demographic characteristics across the 

years in regard to age, sex, race, and Charlson Comorbidity Index. The number of ischemic 

stroke patients increased, while the number of hemorrhagic stroke patients decreased from 

2001 to 2012 (p<0.0001). Overall, the proportion of stroke patients that died in hospital 

showed a significant decrease of approximately 50% (p<0.0001). Further, the LOS for all 

stroke patients decreased from a median of 5 days in 2001 to 4 days in 2012 (p<0.0001) in 

contrast to an increase from 12 to 13 days in the LOS for stroke patients with PEG tube 

placement (p=0.0036).

Timing of PEG tube placement

For all stroke patients, the day of PEG tube placement remained stable with a median of 7 

days after admission each year (mean: day 8.83 in 2006 and day 9.12 in 2012; p=0.5007) 

(Figure 1). The proportion of PEG tubes that were placed at or after 14 days and, thereby, 

met guideline recommendations was on average 14.06% across the years (14.09% in 2006, 

13.41% in 2012). Ischemic stroke patients received a PEG tube on day 7, median for all 

years (mean: day 7.9 in 2006 and day 8.3 in 2012; p=0.2024). On average 10.34% (9.99% in 

2006, 10.14% in 2012) of PEG tube placements were conducted at or after 14 days. The 

LOS did not change significantly for ischemic stroke patients with PEG tube placement 

from an average of 14.99 days (median: 11) in 2006 to 16.19 days (median: 11) in 2012 

(p=0.7228). On average, ischemic stroke patients remained in the hospital 7 to 8 (median: 4) 

days after PEG tube placement, as the PEG placement was conducted on average at 59% of 

the total hospital stay. Hemorrhagic stroke patients received a PEG tube on day 9 or 10, 

median for all years (mean: day 11.7 in 2006 and day 12.5 in 2012; p=0.6946). On average 
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25.31% (26.83% in 2006, 24.46% in 2012) of PEG tube placements were conducted at or 

after 14 days. The LOS for hemorrhagic stroke patients did not change significantly from a 

mean of 27.26 days (median: 20) in 2006 to a mean of 29.52 days (median: 19) in 2012 

(p=0.2226). PEG tube placement was conducted in hemorrhagic patients at 54% of their 

hospital stay and they remained in the hospital approximately 15 days (median: 10) after the 

PEG tube placement.

PEG tube placement rate

The frequency of PEG tube placements in all stroke patients decreased significantly by 25% 

from 6.94% in 2001 to 5.22% in 2012 (p<0.0001). From 2001 to 2012, ischemic stroke 

patients showed a decrease of 28.8% from 6.49% to 4.62% (p<0.0001) and hemorrhagic 

stroke patients showed a non-significant slight increase of 3.8% from 9% to 9.35% 

(p=0.2923), respectively (Figure 2). After controlling for differences in demographic and 

clinical characteristics by multivariable logistic regression, both ischemic and hemorrhagic 

stroke patients showed a significant or near significant decrease, on average, in the odds that 

a PEG tube would be placed over the study time period (Odds Ratio (OR)=0.963, 95% 

confidence interval (CI) 0.958-0.968, p-value<0.0001; OR=0.991, CI=0.981-1.000, p-

value=0.0586, respectively). Analyses for odds of PEG tube placement over the study period 

for all stroke patients combined (ischemic and hemorrhagic) were similar to those for 

ischemic stroke patients only (Table 2). The year that a patient was treated in the hospital 

had a significant influence on the likelihood that a PEG tube was placed. Variables such as 

demographics (age and race), comorbidities (Charlson Comorbidity Index), stroke type and 

died during the hospital stay significantly predicted odds of PEG placement. Of all control 

variables, only the variable Charlson Comorbidity Index had a confounding impact on our 

main predictor “year of placement” by changing its regression coefficient by more than 20% 

(29.7%).

Discussion

The aim of our study was to understand the timing and rate of PEG tube placement and if 

the timing and rate has changed over the last decade in relation to LOS. We found in Florida 

from 2001 to 2012 that 1) the timing of PEG tube placement was earlier than clinical 

practice guidelines recommend, 2) PEG tubes were not placed immediately before discharge 

and 3) fewer PEG tubes were placed in stroke patients during the hospital stay while the 

median LOS for patients with PEG placement remained stable. When conservatively taking 

15 days as the recommended time post-stroke of PEG tube placement, ischemic stroke 

patients received a PEG tube about 8 days earlier and hemorrhagic stroke patients about 4-5 

days earlier than recommended even though the average length of stay was 15.5 days 

(median 11) and 26.7 days (median 19), respectively. Across all years only 14.06% of PEG 

tubes were placed after 14 days and, thereby, met guideline recommendations.

Reasons for the early PEG tube placement remain speculative. For example, patients who do 

not tolerate NG tubes are in the need of an alternative feeding route and may receive PEG 

tube placements earlier. Further, an admittance preference for patients with PEG tubes over 

patients with NG tubes has commonly been reported [8, 19], which may result in an earlier 
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decision to place PEG tubes in acute facilities to promote discharge. Also, in specific cases 

PEG placement needs to precede other medical interventions (such as Anticoagulation [20]). 

Last but not least, a simple lack of practitioners’ knowledge of guidelines or disagreement 

with the guidelines can be a reason for an early PEG tube placement. While PEG placement 

needs to be determined on an individual basis, our results suggest that there might be 

opportunities for a change in current practice patterns towards a better alignment with 

clinical practice guidelines by postponing PEG tube placement within the hospital stay. In 

order to achieve a better alignment with guidelines, we suggest to improving practitioner/

clinician education regarding recommended PEG tube placement timing, considering 

changes in the admission policies for rehabilitation or skilled nursing facilities, and 

reconsidering reimbursement metrics. Further, a re-evaluation of the guidelines should be 

conducted regularly to assure a steady alignment with recommendations and the best 

available evidence.

Against our hypothesis, we found a decrease in the number of PEG tube placements over the 

last decade. The year a stroke patient was admitted to a hospital in Florida had a significant 

impact on the odds that a PEG tube was placed. This change may be due to differences in 

demographic and medical characteristics of stroke patients over the studied decade. We 

found that the number and severity of comorbidities had increased from 2001 to 2012 to 

such a degree that it was a confounding factor on the impact of the year on rate of PEG tube 

placement. An increase in comorbidities, such as diabetes mellitus, hypertension and cardiac 

diseases, has been previously described in patients hospitalized for a stroke [21, 22]. 

Whether the increased number of comorbidities is a reflection of a general trend in the 

population, of advances in diagnostic quality, or sequels of the stroke and its care cannot be 

distinguished in our data and remains to be determined [21].

The proportions of race and stroke type also changed over the studied decade with an 

increase in the proportion of minority race compared to white stroke patients and an increase 

in the proportion of hemorrhagic compared to ischemic stroke patients. Changes in race 

distribution have been described (a) for stroke patients with a decrease in stroke incidence in 

whites but not in blacks [23] and for the general population of Florida with a slight increase 

of minority race [24]. Changes in the proportional frequency and incidence in stroke type in 

the last decade have also been previously described. Reasons for the observed proportional 

increase of hemorrhagic stroke patients remain speculative [25, 26]. Both, race and stroke 

type, were important predictive factors for rate of PEG tube placement. PEG tubes were 

more likely to be placed in minority race patients and patients with hemorrhagic stroke, both 

of which have been noted in previous research [27-29]. Nevertheless, the changes in the 

proportional frequency of race and stroke type did not have a confounding influence on the 

impact of the year on the rate of PEG tube placement in our study.

Besides changes in the demographic and medical characteristics of stroke patients, the 

observed changes in practice patterns might be due to changes in health care reimbursement, 

better stroke care in general and better awareness of dysphagia management and PEG tube 

placement in specific. Stroke care underwent fundamental changes during the last 15 years, 

which was also reflected by the observed 50% decrease in mortality in our study. For 

example, stroke units have become widespread, tissue Plasminogen Activator has been 
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implemented, and the diagnosis and treatment of dysphagia following stroke have received 

increased attention. Thus, we speculate that the decrease in PEG tube placement may, in 

part, be explained by better stroke care including better dysphagia management.

In contrast to the decrease in LOS for the total stroke cohort, we have observed an increase 

in LOS for those stroke patients with a PEG tube. This might reflect that PEG tubes are 

more typically placed in stroke patients with higher severity levels necessitating longer 

hospitalizations. Unfortunately, clinical indications of PEG tube placement, like stroke 

severity and presence of dysphagia, or Speech and Language Pathology service utilization 

were not available in our study data due to the nature of the database and secondary data 

analyses. In addition, we did not examine the impact of hospital-level factors such as 

hospital type and volume of stroke patients [28]. Variations in practice pattern and, therefore, 

the possibilities to align with practice guidelines will be influenced by these and other 

factors and warrant further, prospective investigation.

Conclusions

In conclusion, the main finding of our study was that current PEG tube placement patterns in 

Florida in acute stroke patients are not in line with recommendations from clinical practice 

guidelines. The FOOD trial has suggested that early PEG tube placement in comparison to 

sustained NG tube feeding is associated with higher risks of death, a worse functional 

outcome, and reduced chances of being weaned from a feeding tube [7]. Therefore, current 

practice patterns might expose patients to the afore mentioned risks what should be 

addressed in future studies. Nevertheless, our results suggest that there is the potential to 

delay PEG tube placement, in some patients, without prolonging the hospital length of stay. 

Therefore, future, prospective research is needed to: investigate the generalizability of our 

results into other states and countries; understand the barriers related to delayed PEG 

placement; study the impact of delayed PEG tube placement on patient outcomes, hospital 

length of stay and costs; and to help identify those patients who would benefit from a 

delayed placement.
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Figure 1. 
Day of PEG tube placement and length of stay for ischemic and hemorrhagic stroke patients 

with PEG tube placement.
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Figure 2. 
Trend of PEG tube placement rate for all, ischemic and hemorrhagic stroke patients.
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Table 2

Multivariable logistic regression model for the influence of the year on the event of PEG tube placement in 

stroke patients

Variable β SE β OR (95% CI)

Intercept -4.1300 0.0433 -

Year (2001 - 2012) -0.0437 0.00208 0.957 (0.953-0.961)

Age 0.0180 0.000544 1.018 (1.017-1.019)

White -0.5116 0.0150 0.600 (0.582-0.617)

Charlson Comorbidity Index 0.1882 0.00326 1.207 (1.199-1.215)

Hemorrhagic stroke 0.7680 0.0172 2.155 (2.084-2.229)

Died during hospital stay -0.5571 0.0286 0.573 (0.542-0.606)

β =regression coefficient; SE=standard error; OR=odds ration; CI=confidence interval
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