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Background: Infiltrations of 18F-fluorodeoxyglucose (FDG) injections affect positron emission tomography/computed tomography (PET/CT) image quality and quantification. A device using scintillation sensors (Lucerno Dynamics, Cary, NC) provides dynamic measurements acquired during FDG uptake to identify and characterize radioactivity near the injection site prior to patient imaging. Our aim was to compare sensor measurements against dynamic PET image acquisition, our proposed reference in assessing injection quality during the uptake period.

Methods: Subjects undergoing routine FDG PET/CT imaging were eligible for this Institutional Review Board approved prospective study. After providing informed consent, subjects had sensors topically placed on their arms. FDG was injected into subjects' veins directly on the PET imaging table. Dynamic images of the injection site were acquired during 45 min of the uptake period. These dynamic image acquisitions and subjects' routine standard static images were evaluated by nuclear medicine physicians for abnormal FDG accumulation near the injection site. Sensor measurements were interpreted independently by Lucerno staff. Dynamic image acquisition interpretation results were compared to the sensor measurement interpretations and to static image interpretations.
Results: Twenty-four subjects were consented and enrolled. Data from 21 subjects were gathered. During dynamic image acquisition review, physicians interpreted 4 subjects with no FDG accumulation at the injection site, whereas 17 showed evidence of accumulation. In 10 of the 17 cases that showed FDG accumulation, the FDG presence at the injection site resolved completely during uptake corresponding to venous stasis, the temporary sequestration of blood from circulation. Static image interpretation agreed with dynamic images interpretation in 11/21 (52%) subjects. Sensor measurement interpretations agreed with the dynamic images interpretations in 18/21 (86%) subjects.
Conclusions: Sensor measurements can be an effective way to identify and characterize infiltrations and venous stasis. Comparable to an infiltration, venous stasis may produce spurious and clinically meaningful measurement bias and possibly even scan misinterpretation. Since the quality and quantification of PET/CT studies are of clinical importance, sensor measurements acquired during the FDG uptake may prove to be a useful quality control measure to reduce infiltration rates and potentially improve patient care.
Registration: Clinicaltrials.gov, Identifier: NCT03041090
Keywords: infiltrations, extravasation, PET/CT, quality control, FDG


INTRODUCTION

In 2017, 90% of the ~3.1 million PET/CT studies performed in the United States were used to help oncologists diagnose, stage, plan treatments, assess tumor response, or longitudinally monitor cancer patients (1). It is expected that the number of PET/CT studies will continue to increase over time (1). Oncologic PET/CT studies require a prescribed dose of 18F-fluorodeoxyglucose (FDG) be injected as a bolus within 1 min, followed by a pre-defined uptake period (2). PET/CT scanner and procedural quality control (QC) help ensure the accuracy of the administered dose. For procedural QC, clocks are synchronized to ensure proper decay corrections, injection-to-image times are recorded to ensure longitudinal studies are comparable, and FDG delivery syringe residuals are measured (or estimated by some centers) and recorded to calculate actual administered dose (3–9). Currently, however, there are no routine QC measures to ensure that the entire administered dose actually enters the patient's vascular system.

An infiltration is the inadvertent paravenous administration of a solution or medicine into the soft tissue surrounding the vein (10). An FDG infiltration degrades PET/CT image quality and can reduce diagnostic sensitivity, when FDG is not delivered as a bolus and may therefore continuously enter the vascular system during the entire uptake period. Additionally, some infiltrations may cause artifacts that compromise the quality of the image (11). An FDG infiltration confounds quantification because the dose used in the standardized uptake value (SUV) calculation is not accurate. Based on the severity of the infiltrated dose, the effects to image quality and quantification may negatively affect patient care; for example, an ignored infiltration can result in mis-staging a patient's cancer, unnecessary and costly treatment, and understated SUVs (12, 13). A review of standard static images after the PET/CT procedure is one way to identify infiltrations, but the injection site may not always be in the imaging field of view (FOV) (14). When the injection site is in the imaging FOV, the severity of infiltrations can be misrepresented, since infiltrations can resolve during the uptake period and before imaging (15). Additionally, the effect of infiltrations on use of reference methods to correct SUVs is unknown.

Recognizing the importance of ensuring that the entire administered dose is properly injected into the venous system, a few centers have attempted to understand the magnitude of the infiltration issue by assessing static images of the injection site. Three centers in six studies involving 2,804 patients reported PET/CT infiltration rates ranging from 3 to 23% (mean 15.2%) (14, 16–20). These rates are likely underestimated due to the frequent exclusion of the injection site from the imaging FOV (14).

In the United States, ~12,500 PET/CT studies are conducted each workday (1). Estimating a 10% infiltration rate (<15.2%, the aggregate from the published rates previously cited) suggests that 1,250 patients may be infiltrated every day. However, not every infiltration is significant enough to negatively affect patient management. Furthermore, not every large infiltration happens in an imaging study that has patient management implications. Yet, the high infiltration rate suggests that a large number of patients may be negatively affected each year. Many interpreting physicians and most treating physicians who receive the scan reports will be unaware that these studies were compromised. Patients and their payers would also be unaware that their scans and results were negatively affected.

Currently available approaches to identify or assess the effect of infiltrations are not without limitations. Static imaging can sometimes capture infiltrations, but its lack of insight into the uptake period limits its use as an assessment tool for injection quality. Arterial blood sampling could provide an assessment of the injection quality but is invasive and unlikely to be routinely adopted in the clinic. Dynamic imaging of the injection site during the uptake period is likely considered the gold standard for assessing the quality of radiotracer injections; however, this approach may be impractical and negatively affects patient throughput in routine clinical static imaging protocols. While whole-body dynamic FDG PET imaging protocols may not always include the injection site in the imaging FOV, the impact of the infiltration would be addressed in the resulting quantitative measurements derived from these protocols. Existing whole body imaging protocols continue to be developed (21, 22) and may be introduced in the clinic in the future; however, these protocols may not always be logistically practical in certain clinical or high volume settings.

In a recent clinical study, investigative gamma scintillating sensors were applied to subjects with locally advanced breast cancer who were scheduled to undergo limited whole-body FDG-PET (15). Prior to injection of FDG, sensors were topically applied over the subject's palpable tumor, on their arms, and over their liver. Dynamic measurements in the form of a time-activity curve (TAC) were generated from tumor sensor data acquired during the uptake period and compared to tumor SUV. In several subjects, injection arm sensor measurements in the form of TACs detected and characterized radioactivity during the uptake period near the injection site. A review of the top-of-skull to toes image confirmed infiltrations were present at time of routine static imaging. Since the injection arm sensor measurements indicated the presence of radiotracer near the injection site the authors hypothesized that sensor measurements may prove a simple, practical, and useful way to provide QC to ensure the entire administered dose actually entered into circulation.

The aim of this study was to compare sensor measurements in the form of TACs with injection quality as assessed from dynamic PET imaging during the uptake period.



MATERIALS AND METHODS


Study Design and Participants

This study was carried out in accordance with the recommendations of the Belmont Report, the Declaration of Helsinki, the Nuremberg Code, and the St. Louis University Institutional Review Board. All subjects gave written informed consent in accordance with the Declaration of Helsinki.

Subjects referred to a PET/CT center for a standard-of-care FDG PET/CT examination were eligible to participate in this prospective, non-significant risk device study. The device (Lucerno Dynamics, Cary, NC) consisting of four sensors, a reader, adhesive pads, and software was used in the study to provide TACs. Subjects were enrolled in a convenience series for a 12-month period. Enrollment was dependent on staff and PET/CT scanner availability for dynamic image acquisition during the uptake period and simultaneous enrollment in a related study (17). Subjects under 18 years old, over 90 years old, or unwilling to tolerate four adhesive pads topically applied to their skin during the FDG uptake period were excluded from the study. Subjects also had to tolerate lying on the PET imaging table for 45 min of their 60-min uptake process. All subjects provided written informed consent.



Test Methods

Subjects followed standard clinical preparations for PET/CT imaging until technologists prepared to gain venous access. After evaluating potential venous access sites, subjects were positioned on the Philips Gemini TF 64-slice PET/CT imaging table so that the injection site would be at the caudal edge of the PET imaging bed. Technologists selected the location of the injection site and gained venous access according to their previous practice. This study did not impose any constraints on injection site selection, needle gauge, or type of venous access catheter or venipuncture needle used. After gaining venous access, technologists applied atraumatic adhesive pads to the subjects. One pad was placed ~7 cm proximal to the venous access site, the second mirrored on the contralateral arm, the third on the contralateral wrist, and the fourth over the liver. Sensors, connected to a reader that stored sensor output, were then attached to each pad.

Technologists could not effectively administer the FDG injection with the patient's injection site positioned in the eventual PET imaging bed. As a result, injections were administered on the imaging table outside the PET scanner and the sensors immediately began to record. After routine flushing of the venipuncture needle or catheter, technologists placed the subjects' arms alongside their torso and on plexiglass table extenders for support during the dynamic imaging acquisition process. Subjects were then advanced into the PET scanner to the pre-determined location for acquisition of dynamic images every 30 s for 90 frames. The time between injection and advancement into the PET scanner was recorded. Dynamic image acquisition ceased after 45 min, subjects were removed from the scanner, technologists stopped the reader, and sensors were removed. Subjects moved to an uptake room for the remainder of their uptake period and resumed the routine imaging protocol.

This PET center uses head-to-toe image acquisition as a standard imaging FOV for all cancer patients. Before or during the routine static imaging of the subject, technologists connected the Lucerno device reader to a PC. Data from the sensors were downloaded and basic information relevant to the injection procedure was recorded in the Lucerno software and on case report forms. Information included time between injection and first dynamic image acquisition, venous access site, venous access method, the name of the technologist who gained access and injected the subject, and amount of net administered dose. This information was then transferred via web interface to Lucerno for automatic processing and TAC generation (Figure 1). The resulting TACs were then made available to the technologists and Lucerno.

[image: Line graph showing counts per second versus time in minutes. Multiple colored lines (black, blue, red, green) start near zero, then rise sharply before stabilizing around different levels from 0 to 5000 counts per second over 15 minutes.]
FIGURE 1. TAC from right antecubital fossa injection, butterfly access, 24 gauge needle. Black TAC, injection arm; Red TAC, reference arm; Green TAC, reference wrist; Blue TAC, Liver.

The Lucerno clinical staff interpreted the TACs. TAC interpretations were recorded in a data spreadsheet and explanations permanently logged with each TAC on the Lucerno viewing software. Dynamic image acquisitions and static images were reviewed by nuclear medicine physicians during their normal course of their daily practice at the center. Once the interpreting physician completed a subject's case report form with their interpretations, the technologist would gather these forms and add them to the technologist case forms for each subject. Periodically, several subjects' case report forms, including the physician's interpretations, would be faxed to Lucerno. The physician's interpretations would then be added to the respective subject's data spreadsheet. All sensor measurement and imaging interpretations were conducted independently.

Subjects did not receive additional radiation from participating in the study. Subjects were asked to complete a survey regarding use of the sensors after their entire imaging study was complete.



Analysis

Two experienced and board-certified nuclear medicine physicians on staff at this center were available to interpret static images and dynamic image acquisitions. Physician interpretations looked for presence of radiotracer accumulation near the injection site. If presence was determined, further classification of minor, moderate, or significant presence of radiotracer was determined. The classification was qualitatively judged by the interpreting physician according to potential effect of detected radiotracer presence on SUV measurements; minor = not likely to have any effect, moderate = may have an effect, and significant = likely to have an effect on SUV calculation.

Dynamic imaging was chosen for the reference standard. Acquiring dynamic images every 30 s at the injection site allowed for nuclear medicine physicians to evaluate the presence of abnormal FDG accumulation throughout the uptake period with high sensitivity. Since static images are taken at this center ~70 min post-injection and since infiltrations are known to sometimes resolve during the uptake period (15), routine static imaging that included the injection site was not considered sensitive enough to qualify as the reference standard.

TACs were manually interpreted and classified based on learning developed at Lucerno. The manual interpretation process was initially developed by analyzing over 1,700 human, canine, and murine TACs from IRB and IACUC-approved studies over 5 years. The process was informed by reviews of literature, discussions with experienced and board-certified nuclear medicine physicians and physicists, and testing with phantom models. Additionally, TACs from ideal and known infiltrated human cases were studied to characterize injection quality reference (15). The process of manually classifying TACs was developed with assistance from nuclear medicine physician's interpretations of static PET images.

Manual interpretation of TACs considered several factors but is fundamentally based on an intuitive understanding and observations of ideal injection TACs. Ideal injections TACs are consistently similar in features. Reference arm counts remain low and injection arm counts peak immediately after administration, before rapidly declining to meet the reference arm levels (Figure 1). Interpretation of the TACs also considered center-specific policies and other considerations that can influence the shape of the sensor curves (e.g., centers that inject in the hot lab and then after 3 min, walk patients to their uptake rooms and patients who had their arms pressed close to the body, where torso radioactivity contribute to sensor counts). Interpretations included a review of the net administered dose, patient height and weight, and the injection site location. The interpretation also considered the side of the subject's body selected for the injection site with a review of the liver TAC and its potential influence on arm sensors. Interpretations also examined the slope of the bolus injection TAC as it approaches the reference sensor TAC, the absolute injection TAC counts at various points during the uptake period and the relationship to the reference arm counts at these same time periods, and the length of time that is required before the injection TAC approached within 50% of the reference sensor TAC. Additionally, area under the curve (AUC) ratios between injection and reference sensor TACs during various periods were compared (15). Furthermore, classification of the amount of radiotracer accumulated near the injection site, as reflected by the TAC, used standard infiltration terminology (none, minor, moderate, or significant amount of activity present).

Prior to presentation of interim data by a nuclear medicine physician from the center, Lucerno staff met with the center staff and reviewed the findings. The second review was of the complete data set. In subjects with partial data, no comparison could be made. During reviews, each subject's results were shared and discussed. TACs were presented and when needed dynamic image acquisitions and static images were reviewed.

Dynamic image interpretations of the subjects were compared to static image interpretations and to sensor TAC interpretations. True positives, false positives, false negatives, and true negatives were determined, and sensitivity, specificity, and accuracy were reported. Fisher's exact test of proportions was used to compare static image interpretation to sensor TAC interpretation.

The sample size was not determined in advance due to uncertainty of several factors: PET scanner availability, subjects willing to consent to lying flat on the PET imaging table for their uptake process, and sponsor funding.




RESULTS


Presence of Radiotracer

During the 12 months of enrollment, 24 subjects consented to participate. Data from three subjects were not available for comparison. One subject had sensor data, but no dynamic images due to a malfunction of the PET imaging table that prevented the table from entering the PET scanner. As a result, no imaging was available for that subject. Two subjects underwent dynamic image acquisition, but had incomplete sensor data due to technologist error in starting TAC generation. This resulted in data collected for 21 evaluable subjects (Figure 2).

[image: Flowchart showing the process and results of a study with 24 subjects. It starts with subjects consented, leading to dynamic scans collected for 23. Two were technical errors. From 21 analyses, 7 showed no TAC evidence, while 14 showed TAC evidence. In both categories, results include physician-reported presence or absence of radiotracer, with one showing no evidence and the other confirming presence. Inconclusive results occurred in neither group.]
FIGURE 2. Subject flow chart.

Of the 21 subjects analyzed, physicians reported dynamic image acquisition evidence of radiotracer presence near the injection site in 17 subjects and no evidence in 4 subjects (Table 1).



Table 1. Comparisons of static images and TACs interpretations vs. the reference standard, dynamic image acquisition interpretations.

[image: Table showing subjects' results comparing dynamic reference standard, static diagnosis, and TAC. Columns include Subject, Dynamic reference standard, Static, TAC, Static vs. dynamic result, and TAC vs. dynamic result. Results highlight differentiations and consistencies in evidence and presence of infiltration, with varying outcomes like true positive, false negative, and true negative.]




Physicians reported static image evidence of radiotracer presence near the injection site in 7 subjects and no evidence in 14 subjects. Physician reports of static images and dynamic image acquisitions were in agreement in 11/21 (52%) cases. In four of the 10 cases, where physicians' reports were not in agreement between static and dynamic, the dynamic acquisition images showed minor evidence of presence of radiotracer near the injection site and static images showed no presence. Comparing static and dynamic images (reference) resulted in 7 true positives, 0 false positives, 10 false negatives and 4 true negatives with sensitivity = 0.41, specificity = 1.00 and accuracy = 0.52.

Manual interpretation of sensor TACs reported evidence of radiotracer presence in 14 subjects and no evidence in 7 subjects. Manual interpretations of sensor TACs and physicians reports of dynamic images acquired were in agreement in 18/21 (86%) cases. Three cases, where physicians' reports and TACs were not in agreement were cases where evaluation of dynamic image acquisition reported evidence of minor presence of radiotracer and TAC evaluation found no presence. Comparing TACs vs. dynamic images (reference) resulted in 14 true positives, 0 false positives, 3 false negatives, and 4 true negatives with sensitivity = 0.82, specificity = 1.00, accuracy = 0.86.

Using dynamic image acquisition as the reference standard for injection quality, we compared the accuracy of TAC vs. static interpretations using Fisher's exact test of proportions. The p-value for testing the H0 of no difference in accuracy between TAC and static was 0.043, so we conclude that TACs were significantly more accurate than static images in assessing injection quality.



Capture of Traditional Infiltration

Dynamic image acquisition showed presence of radiotracer near the injection site in 17 subjects. In seven (41%) of these cases, static images taken ~70 min post-injection also showed evidence of presence of radiotracer, indicative of a traditional infiltration. One of these traditional infiltrations (TAC, several dynamic image acquisition frames, and static image) is shown (Figure 3). The paravenous nature of the injection is evident in these images.

[image: Graph and image analysis showing radiotracer distribution over time. Graph plots counts per second against time, with three lines for injection (black), reference (blue), and liver (red). Blue arrows indicate specific time points. Adjacent, a full-body scan highlights tracer concentration after sixty-five minutes. Below, six sequential images display tracer distribution at different intervals, marked from two to forty-five minutes.]
FIGURE 3. Dynamically acquired images (bottom row) taken at various times (blue arrows) during uptake, static image (upper right), and black TAC (top curve) from injection arm sensor, all reflect the resolving nature of an infiltration. Red TAC (bottom curve) reflects increasing uptake as captured by the reference sensor on the non-injection arm during the uptake period. Blue TAC reflects liver uptake and plays a negligible role in injection arm sensor TAC interpretation due to injection site location and nature of the liver uptake. Patient was positioned on PET imaging table to ensure the injection site would be located near the caudal edge of the PET imaging bed. Red arrows on dynamic image acquisition frames and static image indicate approximate injection site (right hand).



Capture of Prolonged Venous Stasis

In 10 subjects, dynamic image acquisition revealed prolonged radiotracer presence near the injection site during uptake that resolved completely prior to routine static imaging. While there was evidence in the dynamic image acquisitions, there was no indication of accumulation of radiotracer near the injection site in the standard static images. Dynamic image acquisition for these 10 subjects revealed a different presentation of the radiotracer; in these images, the radiotracer appeared contained within the venous system and resolved completely during the uptake period over different lengths of time (Figure 4). The resolution is also visible in the associated TAC. This phenomenon of the pooling of radiotracer within the venous system is similar to renal scan cases of prolonged venous stasis caused by venous obstructions (23).

[image: Graph and medical imaging analysis showing radioactivity counts over time. The graph displays three curves: injection (black), reference (red), and liver (blue) with marked decreases indicated by blue arrows. A figure on the right shows a medical scan with a highlighted area in red. Below, six sequential imaging snapshots are labeled with time stamps from zero hours, one minute, thirty seconds to zero hours, thirty-five minutes, thirty seconds, each marked with red arrowheads indicating specific areas.]
FIGURE 4. Dynamically acquired images (bottom row) taken at various times (blue arrows) during uptake, static image (upper right), and black TAC (top curve) from injection arm sensor all reflect the complete resolution of a prolonged venous stasis. Red TAC reflects uptake captured by reference arm sensor on the non-injection arm during the uptake period. Blue TAC reflects liver uptake. Proximity to injection arm sensor and nature of the liver uptake played some role in injection arm sensor TAC interpretation. Patient was positioned on PET imaging table to ensure the injection site would be located near the caudal edge of the PET imaging bed. Red arrows on dynamic image acquisition frames and static image indicate approximate injection site (right antecubital fossa).



Capture of Ideal Injections

In four subjects, dynamic image acquisition interpretation reported no evidence of infiltration. In these subjects the associated static images and sensor dynamic measurements interpretations were also indicative of ideal injections (Figure 5).

[image: The image features a graph and medical scans. The graph shows counts per second over time for injection, reference, and liver. The liver line decreases sharply then stabilizes. To the right, there is a whole-body scan with a red arrow pointing to the upper abdomen. Below are sequential scan images at various timestamps, each with a red arrow indicating a specific area.]
FIGURE 5. Dynamically acquired images (bottom row) taken at various time points (blue arrows) during uptake, static image (upper right), and black TAC from injection arm sensor all reflect an ideal radiotracer injection. Injection counts drop to very low levels immediately after bolus injection and saline flush, until the time the injection arm is placed in plexiglass table extenders and uncollimated sensors capture background torso radioactivity. At this time the injection curve climbs slightly and then levels off. Reference arm was placed in table extender before the injection. Red TAC reflects uptake captured by reference arm sensor on the non-injection arm during the uptake period. Blue TAC reflects liver uptake. Proximity to the reference arm sensor and nature of the liver uptake results in higher reference arm counts. Patient was positioned on PET imaging table to ensure the injection site would be located near the caudal edge of the PET imaging bed. Red arrows on dynamic image acquisition frames and static image indicate approximate injection site (left antecubital fossa).



Classification of Radiotracer Presence

In routine practice, guidelines suggest that physicians report infiltrations if these infiltrations are visible in the imaging FOV (24, 25). Physicians attempt to describe them as minor, moderate, or significant based on a qualitative review. The classifications are consistent with published guidelines, but the qualitative method does not provide a quantitative assessment of the amount of administered dose remaining at the injection site. Physician qualitative classification of static images, dynamic image acquisition, and Lucerno TAC classifications are reflected in Table 2.



Table 2. Characterization of radiotracer presence during dynamic image review captures presence of radiotracer at injection site.

[image: Table comparing radiotracer presence at injection sites. Columns: Dynamic images, TAC, Static images. Rows show presence levels: No Presence (4, 7, 14), Minor (9, 13, 6), Moderate (7, 1, 1), Significant (1, 0, 0).]




There were no adverse events reported during this study. On a scale of 0–10, where 0 represented no discomfort caused by sensors and pads, subjects rated the discomfort <1.




DISCUSSION

Dynamic imaging specifically of the injection site with quantification of radiotracer presence or the use of dynamic whole-body protocols would be the most effective way to assess the quality of radiotracer injections. However, our findings of 82% sensitivity and 100% specificity of sensor measurements for identifying the presence of radiotracer near the injection site suggest that sensor measurements may also be an effective radiotracer injection QC tool. While the use of topical sensors would not add incremental value in dynamic whole-body imaging scenarios, they could eliminate the need for specific injection site image acquisition during the patient's uptake phase. Our findings also suggest that TACs are more sensitive than static image review for identifying the presence of radiotracer, near the injection site, that is above and beyond what would be expected in the blood and tissue for two reasons. Injection sites may not always be in the routine static imaging FOV and static images cannot capture this excess radiotracer if it resolves before static images are acquired.


Integration of Sensors Into Current Clinical Practice

Use of the external sensors added ~30 s to the patient experience, 2 min to the technologist experience, and did not cause the patient any measurable discomfort. Results of the injection quality is almost immediately available to the center and the results can be interpreted on-site. This information may allow a clinician to determine, prior to imaging, whether exposing infiltrated patients to the additional radiation and time of the procedure is in the patient's best interest. In addition to providing individual QC information about each radiotracer injection, information provided along with sensor measurements can help centers actually reduce infiltrations (17). Because these injections are not routinely monitored in the US and because there is little immediate feedback to technologists, the rates are significantly higher than infiltration rates in other healthcare settings like chemotherapy and contrast CT injections (26–29). Reducing PET/CT infiltrations is important for baseline and subsequent scans. In a case of a single scan, an infiltration may impair the statistical quality of the image. In cases involving multiple scans, SUV comparisons could be incorrect due to an infiltration in one or both scans. In either of these scenarios, the quality of the injection process is critical to accurate interpretation of the scan and ensuring appropriate patient care.



Potential Short-Comings and Limitations

Table 2 suggests the limitations of qualitative assessments of visible infiltrations and sensor measurements in the classification of radiotracer presence and the need for more quantitative measures when infiltrations exist. In the one case where the physician classified radiotracer presence as significant during the qualitative review of dynamic images, manual TAC interpretation classified it as moderate. In the seven cases where the physician qualitative review of dynamic images classified radiotracer presence as moderate, manual TAC interpretation classified them as minor. In the nine cases where the physician qualitative review classified radiotracer presence as minor, manual TAC interpretation also classified six cases as minor and three cases as no presence of radiotracer.

Because quantifying the effect of the infiltration was not the intent of the study, the interpreting physicians did not quantitatively assess the radioactivity presence at the injection site in the dynamic image acquisitions or in the static images; nor did they gather normalization data or target region SUV data from the static images during the study. Having an estimate of the radioactivity may have resulted in a different outcome between dynamic image acquisition interpretation and sensor measurement interpretation. The estimation of the amount of radioactivity not available in circulation may also have provided valuable information regarding potential effect to the target region SUV. In addition, having an estimate and analyzing multiple SUV normalization methods may have provided insight into these methods.

Additionally, the design and use of only one sensor near the injection site creates other limitations. Both the unknown and potentially changing distance between the radioactivity and the sensor, as well as the role of the motion of the patient's arm with respect to other sources of radioactivity during the uptake period may also affect sensor measurements. While the design of the classification process and intended use of the device addresses many of the sensor limitations, it is possible the severity of infiltration or stasis could be misclassified from sensor measurement interpretation. Further efforts and studies are underway to provide estimates of the amount of radioactivity near the injection site.

When a PET/CT infiltration or stasis occurs, understanding the amount of radioactivity that was left near the injection site during the uptake period can highlight the potential effect of the infiltration and help physicians determine if the study should be repeated. Currently, the effects of infiltrations or stasis on scan interpretation are not yet understood. While it may be possible to correct for these administration issues through SUV normalization, the effects from an infiltration or stasis on SUV values of reference organs or the mediastinum blood pool are unknown (30). Therefore, further studies that assess the significance of the infiltration effects and how they correlate to current correction methods (e.g., normalization to blood pool or reference organ SUV) are needed.

We hypothesize that use of the plexiglass table extenders may have squeezed subjects' arms against their torso and this may have contributed to the high incidence of venous stasis in this subject population. The intent of the protocol was to attempt to simulate as much as possible the clinic's routine uptake process. As a result, the table extenders were used to ensure that the patients' arms were in the down position and not over their head during the uptake period. While the table extenders may have contributed to stasis in this study, we think the stasis topic may be a potentially important clinical issue. A venous stasis that resolves before imaging could be completely undetectable using standard static images, independent of the imaging FOV (Figure 4). We are currently evaluating the frequency of stasis encountered in standard protocols done without table extenders. While a venous stasis is not an injection infiltration, it may have the same potential effect on the quality and quantification of PET/CT images. And a stasis may be particularly confounding. If interpreting and treating physicians see a clear injection site or some minimal uptake contained in the vasculature in the image FOV, they may assume that the scan was produced with a high-quality injection. This misconception may negatively affect patient management. Further research is needed to evaluate the incidence and potential causes of venous stasis (e.g., rolling up sleeves for gaining venous access that produces a tourniquet-like effect) and whether these causes require procedural processes changes (23).




CONCLUSION

Currently, there is no routine way to ensure the successful administration of a radiopharmaceutical into a patient's circulation. Since successful FDG administration is important to PET/CT image quality and SUV calculations, quality control is required. The results from this study suggest sensor TACs can be a patient-friendly QC measure to identify and characterize an infiltration or venous stasis near the injection site. TACs can provide additional insight regardless of imaging FOV or if infiltrations resolve prior to static imaging. Monitoring infiltration or stasis rates may prove valuable to improving the injection process and the quality and quantification of PET/CT studies. Alerting technologists and physicians to the fact that images have been negatively affected by an issue with FDG dose delivery may also be important to patient care.
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Most radiopharmaceuticals are intravenously administered during nuclear medicine imaging or therapy procedures. When a nuclear medicine clinician delivers some or all of a radioactive drug into a patient's healthy tissue rather than the vein as intended, a patient experiences an extravasation. Radiopharmaceutical extravasations provide zero patient benefit and considerable potential downsides, depending on the severity of the extravasations. What nuclear medicine patients want and need regarding the administration of radiopharmaceuticals is transparency. And yet in the year 2023, little transparency exists regarding these extravasations. From the patient perspective, transparency regarding extravasations is essential to improving care, ensuring radiation protection, reducing health inequities, and untangling the deeply disturbing and irregular relationship between the nuclear medicine community and their regulating body, The U.S. Nuclear Regulatory Commission. Transparency is also critical to help address many other questions regarding radiopharmaceutical extravasations.
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Introduction

I spent the last 10 years of my career working for one of the largest breast cancer advocacy organizations in the world. In this role, I learned how important it is for patients to advocate for themselves. I also saw the positive role that nuclear medicine plays in cancer care. When I was diagnosed with recurrence of my breast cancer, I advocated for a PET/CT scan even though my physician said it was not needed. As a result of my advocacy, we learned that my breast cancer had metastasized. Without nuclear medicine, without that PET/CT scan, my metastatic breast cancer (MBC) diagnosis would have likely come too late, meaning I would probably not be authoring this article now.

MBC has no cure and living with this disease is extremely stressful. I will be in treatment for the rest of my life and appropriate treatments extend my life. I will rely even more on nuclear medicine and will have imaging procedures every three months to monitor the progression of my disease. Accurate images are critical to my treatment plan and my life. Knowing that my nuclear medicine images are accurate helps ease my anxiety. An inaccurate image is not good for my care.

During my early-stage cancer treatment and the six years of my metastatic journey, I have received over 40 nuclear medicine procedures at a world-renowned hospital. During this journey, many different technologists have administered my radiopharmaceuticals and I have witnessed varying skills, techniques, and tools. Based on numerous administration experiences and because of my awareness of the extravasation issue through my association with the coalition, Patients for Safer Nuclear Medicine, I suspected that I had been extravasated during a routine MDP bone scan 18 months ago. My technologist was unconvinced. She assured me the radioactive technetium and MDP had been administered properly. I fiercely pressed for evidence and finally succeeded in having my arm imaged (Figure 1). The technologist was shocked to find that she had extravasated me. But shock did not equal action. In fact, there were no mitigation efforts. Instead, I was left with the majority of the 22 mCi of administered technetium deposited in my tissue instead of my vein. And even though I did not develop visible symptoms on my skin, I suffered from pain at the injection site for days and weeks later. To this day, the area routinely aches.


[image: Two adjacent skeletal scans show a blurry outline of a human figure on each side. The scans resemble medical imaging with visible joints and spine but limited detail.]
FIGURE 1
Anterior and posterior MDP images of extravasation.


My goal is to share the patient perspective about the need for transparency regarding radiopharmaceutical extravasations. Much of this perspective has been informed from my personal experience, but it also reflects what I have learned from other patients and members of the Patients for Safer Nuclear Medicine coalition. This perspective on transparency covers patient care, radiation protection, health inequity, and the regulatory framework in the United States guiding the use of medical isotopes. It also reflects many additional questions related to radiopharmaceutical extravasations that highlight the need for more transparency.


Patient care

As patients, we want to know, as is our right, when a large radiopharmaceutical extravasation has been severe enough that our diagnostic images or delivery of our therapy may have been compromised. For patients, it is essential that nuclear medicine clinicians are aware when large extravasations occur, measure them, quantitatively assess the impact to our procedure, and communicate this information to us and to our treating physicians. We understand that not all procedures go as planned. But when they don't, we expect and need to be told, since these procedures directly or indirectly affect our care (1–8). If we need additional therapy delivered or if we need to repeat an imaging procedure because of an extravasation, we expect this information to be shared with us and that actions be taken to prevent a repeat extravasation.

I do not truly understand the physics of nuclear medicine procedures. Nor do most patients. But clinicians understand. Clinicians and physicists know that depositing ionizing radiation accidentally into a patient's tissue is not appropriate, yet very few nuclear medicine centers proactively monitor radiopharmaceutical administrations for extravasations or measure the radiation that is inadvertently deposited into tissue. But when extravasations happen, patients want to know how much accidental radiation they have received to their arm tissue. They want to know that their clinicians are well trained in immediate mitigation techniques and will take appropriate and steps to minimize the radiation dose to their tissue because of this misadministration. Patients want to know what symptoms to expect and when they might develop. When my extravasation occurred, no mitigation took place to minimize the radiation dose to my tissue and no communication regarding what I should expect ever occurred.

I have spoken with many patients about this issue. While the radiation effects to our arm tissue are important, most older patients are more concerned about the implications to our procedure and follow-on treatments. From my time working with PSNM, I know that clinicians need specific information about the extravasation to best estimate the effect to our procedure. They need to know the amount of the activity left in the arm at imaging time, how the patient's body reabsorbed the accidental radiation in the tissue, and how this uptake delay affected any quantification measurements of their procedures. My care team is concerned about the metabolic uptake of my tumors from one scan to the next. The amount of radiation still in my arm, in my vascular system, and lymphatic system at time of imaging is important. Yet, in my extravasation case no measurement took place either.

Extravasated patients also want to know of other potential effects or important precautions. If a large amount of radioactivity is still left in the patient's arm, what are the implications for exposing others after the procedure is over? What are long-term implications of radiation to the patient's healthy tissue?

A leading nuclear medicine physician in my home state of North Carolina is on the written record that patients already have a lot to worry about, implying that telling them that they have experienced a large extravasation would further alarm them. Another nuclear medicine physician lectured me on why I did not need to worry about extravasations. Patients do not want to be patronized or told to not worry about these accidents. Patients want information. They want it documented in their medical records. They want to make sure that their primary caregivers who should know they were extravasated are told. Patients want their future nuclear medicine clinicians to know their history of extravasation so clinicians take extra precaution to avoid extravasating the patient again. It is inconceivable that in the year 2023 transparency for extravasated patients is not the standard of care.



Radiation protection

The U.S. Nuclear Regulatory Commission (NRC) has regulations regarding the use of medical isotopes. They are in place to ensure the security of isotopes and their proper use in United States patients. When an isotope is mishandled due to human error, lack of training, or lack of quality processes, and results in the inadvertent exposure to patients that exceeds a certain absorbed dose, regulations require these cases be reported. The goal of this reporting is to ensure that lessons learned from these cases are shared with other nuclear medicine centers so that future patients are protected. Reported cases are also shared publicly.

Since 1980, the NRC has exempted all extravasations from reporting (9), no matter how much accidental radiation patients receive. Ironically, if a technologist spills a radioisotope on a patient, they will clean it up, estimate the radiation exposure to the patient's skin and tissue, report it if it exceeds the NRC limit, and perform a root cause analysis. Yet if the same technologist extravasates or spills the same radioisotope inside the patient's body, into their tissue, nothing needs to be done. Nothing needs to be reported, even if the radiation dose to the patient's skin and tissue is twice as much as the spill on the patient. Even if it is 100 times more than the spill on the patient. The NRC internal exemption policy created this alarming situation. When I share this story with other patients, they shake their head in disbelief.

This policy was based on the belief that an extravasation is “virtually impossible to avoid” (9). Nothing could be farther from the truth. Evidence from other similar IV practices and from the literature is clear. Chemotherapy and Contrast CT extravasation rates are very low (10, 11), indicating that radiopharmaceutical extravasations can be almost completely eliminated as well. Nuclear medicine centers already know which of their technologists routinely extravasate patients. They know which technologist to avoid if their family members need care. And patients who routinely experience nuclear medicine procedures also know which technologist are best at administering radiopharmaceuticals. I now know to only use the hospital's IV team to set up my IV access for nuclear medicine procedures. It is a luxury that my hospital has an IV team. And ever since my extravasation, it is a luxury I will continue to use. Most patients receive their care from providers that don't offer such an option.

If the 1980 incorrect reporting exemption did not exist, patients would have more information about providers. Transparency regarding which centers routinely extravasate helps patients make better decisions about where to seek imaging or therapy procedures. Centers that do not extravasate would have nothing to report. Centers that accidentally expose patients routinely to high doses of radiation would be reporting frequently. These centers would come under closer scrutiny that would lead to efforts to improve. Without a spotlight on this issue, with no requirement to report large accidental exposures to patient tissues, nuclear medicine centers will continue to operate as they always have. Most centers will continue to avoid making the necessary investments to fix their extravasation issues. Transparency will lead to improved administrations and improved radiation protection for patients.



Healthcare inequities

Many nuclear medicine professionals are on the record in their conversations with the NRC that transparent reporting of extravasations may bankrupt nuclear medicine providers and limit which centers are able to perform these procedures. They claim that centers will have to spend inordinate sums to provide training and to purchase IV access tools and monitoring technology. And centers who have a bad reputation for extravasations may have to close down.

Patients have a different perspective. We know that these centers make substantial investments in all other quality control aspects of nuclear medicine procedures. The list of quality activities to ensure that the right drug and the right radiation dose gets to the right patient at the right time is impressive. Patients do not believe that adding one more quality check will put centers out of business. Patients are also clear that we, along with insurance companies, pay for these procedures. Patients do not want to pay for procedures that have been compromised by large extravasations. Patients also think that centers that don't improve should go out of business; patients do not want to have their nuclear medicine procedures performed at centers that routinely make mistakes handling medical isotopes.

Regulations that are consistently applied across all providers will reduce healthcare inequities. It is not fair to patients of lower economic means if only well-funded private providers voluntarily decide to address extravasations. Regulations will incent all centers to make the required investments to minimize extravasations.



The NRC and medical societies

The Advisory Committee on the Medical Uses of Isotopes (ACMUI) provides advice to the NRC regarding medical issues. The ACMUI is almost entirely comprised of professionals who are affected by NRC regulations. Many are leaders from the medical societies, like the Society of Nuclear Medicine and Molecular Imaging (SNMMI). Over the past 42 years, the ACMUI and SNMMI have worked with the NRC medical staff to provide advice that ensures that radiopharmaceutical extravasations remain exempted from reporting.

In a public phone conference with NRC on the topic of extravasations, Dr. Carol Marcus, a former member of the ACMUI, noted how she worked to retain the exemption in the early 1990 s. In 2008 and 2009, the ACMUI members in a meeting with NRC staff admitted that some diagnostic radiopharmaceutical extravasations could result in doses that easily exceeded reporting thresholds, and that these extravasations could be prevented by increasing training and improving venous access tools. They actually stated that the reason they wanted to retain the exemption was so they would not have to deal with the administrative burden of reporting large extravasations (12, 13). Despite hearing that extravasations were not virtually impossible to avoid, and patients were receiving very high doses to their tissue, the NRC medical staff looked the other way and allowed the exemption to continue. As a patient reading the meeting transcripts, I was extremely disturbed by the ACMUI members' behavior and the NRC medical staff's willingness to ignore this patient radiation protection issue.

Most recently, the NRC has been considering a petition for rulemaking1 to remove the reporting exemption and treat extravasations no differently than any other medical event. Medical societies, and the ACMUI, aware that the exemption is being threatened again have misled NRC with misinterpretation of certain publications (7), confusing rates of injuries with rates of reported injuries. They have also provided a suggested reporting option that will minimize reporting. This option was adopted by the NRC medical staff as their recommendation to the NRC Commissioners on how to address the petition. The medical society and NRC medical staff recommendation suggests that NRC should require patients be injured, return to the center that caused their injury, and get a physician to then report the extravasation voluntarily to the NRC.

This exact option had previously been considered and dismissed by the Commissioners 40 + years ago for many legitimate reasons (9). The jointly proposed option by medical societies and the NRC medical staff shifts the responsibility for the proper use of medical use of a radioactive isotope from a trained clinician to the patient. It requires that patients be injured before reporting, which is not a requirement for any other NRC reportable event. In fact, the NRC website2 and the medical event form instructions state that patient harm is not a requirement for medical event reporting3. The reporting requirement is specifically designed to highlight facilities that may have a potential problem in the proper handling of medical isotopes. Facilities that routinely and accidentally expose patients' healthy tissue to high doses of radiation are exactly the facilities that the NRC needs to investigate.

This patient injury option makes no sense in so many other ways. Without providers monitoring for extravasations, patients will not be told they have been extravasated. Also, the injuries can come weeks to months to years later. It is not appropriate to expect that patients would connect the injury with the procedure, especially if they were not informed they had been extravasated. And without monitoring for extravasations, providers cannot provide patients with immediate mitigation efforts. If patients are not told they have been extravasated but do feel or see symptoms months later and just happen to suspect extravasation, they would be forced to try and schedule an office visit that the patient would have to pay for. As patients, we know it can be many weeks before we can even see a doctor. What if our symptoms lessen during this period? What if we receive our procedure in a remote location, but the physician we must see to assess our injury is at a central hospital location? Now we must pay for a visit and perhaps travel many hours.

Finally, patient injury as the reporting criterion further increases healthcare inequities. During a recent video call with the Chairman of the NRC, two African American patients pointed out that patients of color would be extremely hesitant to return to a center and report a patient injury. Requiring patient injury rather than the quantifiable threshold used for reporting all other medical events to the NRC would ensure that extravasations remain essentially unreported and would do nothing to reduce healthcare inequities.

During the submission process of this article, the NRC ruled on the petition. I have read the Federal Register announcement dated December 30, 20224. The NRC accepted the petition and is moving the incorrect exemption policy issue into rulemaking. In essence, the NRC agreed with nearly every aspect of the petition. They did not deny the science, or the clinical evidence provided. Yet, the Commissioners have adopted the medical staff's recommendation for patient injury as the reporting criterion5. To avoid having to address the actual occurrence of extravasations and to appease the physicians they regulate, Commissioners have ignored all the science and their own policies and past comments and supported patient injury as a reporting criterion. The following two paragraphs in a commissioner's explanation6 for their support of the patient injury recommendation provides clarity about the absurdity of their conclusion.
“The purpose of medical event reporting to the NRC is to both collect operating experience and ensure that licensed activities are conducted safely. Importantly, a medical event may indicate a potential problem in a medical facility's use of radioactive material, but it does not necessarily mean that a patient has been harmed. Rather, the information is used to assess trends, identify generic issues or concerns, and recognize and respond to the inadequacy or unreliability of specific equipment or procedures.While some level of extravasation may, in fact, be virtually impossible to avoid in any intravenous or intra-arterial injection, there are medical techniques and tools in place to help ensure that radiopharmaceutical injections reach the intended target organ or organs. When these procedures fail to a degree that they result in unintended radiation injury, then it is reasonable and warranted for the NRC to understand the circumstances around these injuries and consider the factors that may prevent them, such as training, additional tools, and mitigation measures.”
In his first paragraph, the commissioner explains why using the existing dose threshold reporting criterion, rather than patient injury, for medical event is necessary. In his second paragraph, he states that the NRC should only be concerned about extravasation when patients are injured. The commissioners' decision is an embarrassment to the NRC and the radiation protection of patients.

Patients want transparency in the regulatory process that is responsible for providing patients with radiation protection. The relationship between the medical societies and the NRC is incestuous. The medical staff recommendation and endorsement by NRC Commissioners are of great concern for patients. Even the current patient advocate on the ACMUI has strong ties to the SNMMI. These medical societies and members of the ACMUI have inherent conflicts of interest and have been disingenuous with the NRC medical staff and the Commissioners. Unfortunately this hurts patients (1). In a recent op-ed, Dr. Dan Fass claimed the NRC was guilty of regulatory capture7. Dr. Fass suggested a possible similar relationship would be like if Boeing and Airbus were allowed to craft FAA regulations. I liken the situation to the proverbial fox guarding the hen house. In fact, in North Carolina, this is exactly what happens. The North Carolina Radiation Protection Commission is comprised of nuclear medicine professionals. One of their responsibilities is to draft the regulations that govern their own profession.




Discussion

The lack of transparency regarding radiopharmaceutical extravasations needs to be addressed. In the United States alone, over 30 million radiopharmaceuticals are administered every year. And now, new radioactive drugs with very high levels of radioactivity are being introduced to address cancers that have previously resisted treatment. Nuclear medicine procedures are increasingly being used for diagnosing and assessing treatments of neurological diseases. And the most prevalently performed nuclear medicine procedures continue to be cardiology procedures. In these procedures that produce images of the heart, no one views the injection site for evidence of extravasations. Yet, with all of these procedures and the growing use of new therapeutics, we do not know how many procedures are being compromised by large extravasations.

No one would argue that it is wrong when a patient on a hospital's general floor only receives some of their medication. No medical professional would ignore a patient who experiences a chemotherapy extravasation. They would work to mitigate the effects of the drug on the healthy tissue. Yet ionizing radiation accidently deposited in tissue has been and will continue to be ignored in the United States.

Many questions remain unanswered. How often do technologists extravasate? Are some technologists better than others? Are some centers better than others? Are patients of color more often extravasated than other patients? What are best practices for administering radiopharmaceuticals? What specific training and which tools are needed to get technologists to the same skill level as the IV team members? Are some tools better than others for gaining venous access or administering radiopharmaceuticals? What is a safe amount of radioactivity that can be left in tissue? Does every nuclear medicine center have a protocol on how to address a radiopharmaceutical extravasation? How do they measure the amount of activity left in the arm? How does the nuclear medicine center decide on which extravasated procedures get repeated? How many of extravasated procedures are repeated? Who pays for them? How many should be repeated? Are patients and their treating physicians informed when patients are extravasated? Is it ok for a grandmother with an extensive extravasation of a gamma emitting radioisotope with a long half-life to go home and babysit? Is it ok for her to hold her infant grandbaby in her arms with their head resting on the grandmother's extravasation site? And if she is not told, how would she know not to hold her grandbaby? And what of the longer-term implications of large extravasations for younger patients? Isn't it known that some level of radiation exposure can lead to cancer later? Who is tracking these extravasated patients for cancer? If radiopharmaceutical administrations are not prospectively monitored, and extravasations not identified, not measured, and not documented, how would we know what are the long-term effects for younger patients?

The extravasation of a radiopharmaceutical is clearly a misadministration of a drug. It is a medical error that can have consequences for patients. Without complete transparency, these questions and many others will remain unanswered. That is unacceptable to patients.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical review and approval were not required for this Perspective, since the author is a patient and not associated with any institution.



Author contributions

PK prepared the manuscript and approved the submitted version.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	1. Goans RE. A forum on extravasation in nuclear medicine. Health Phys. (2022) 122(4):518. doi: 10.1097/HP.0000000000001537
	2. Bonta DV, Halkar RK, Alazraki N. Extravasation of a therapeutic dose of 131I-metaiodobenzylguanidine: prevention, dosimetry, and mitigation. J Nucl Med. (2011) 52(9):1418–22. doi: 10.2967/jnumed.110.083725
	3. Kiser JW, Crowley JR, Wyatt DA, Lattanze RK. Impact of an 18F-FDG PET/CT radiotracer injection infiltration on patient management-A case report. Front Med (Lausanne). (2018) 5:143. doi: 10.3389/fmed.2018.00143
	4. Sonoda LI, Ghosh-Ray S, Sanghera B, Dickson J, Wong WL. FDG Injection site extravasation: potential pitfall of misinterpretation and missing metastases. Clin Nucl Med. (2012) 37(11):1115–6. doi: 10.1097/RLU.0b013e318266cbdb
	5. Wagner T, Brucher N, Julian A, Hitzel A. A false-positive finding in therapeutic evaluation: hypermetabolic axillary lymph node in a lymphoma patient following FDG extravasation. Nucl Med Rev Central & East Eur. (2011) 14(2):109–11. doi: 10.5603/NMR.2011.00025
	6. Simpson DL, Bui-Mansfield LT, Bank KP. FDG PET/CT: artifacts and pitfalls. Contemp Diagnostic Radiol. (2017) 40(5):108. doi: 10.1097/01.CDR.0000513008.49307.b7
	7. van der Pol J, Voo S, Bucerius J, Mottaghy FM. Consequences of radiopharmaceutical extravasation and therapeutic interventions: a systematic review. Eur J Nucl Med Mol Imaging. (2017) 44(7):1234–43. doi: 10.1007/s00259-017-3675-7
	8. Berry K, Kendrick J. Lutetium-177 radiopharmeceutical therapy extravasation lessons learned. Health Phys. (2022) 123(2):160–4. doi: 10.1097/HP.0000000000001558
	9. Misadministration reporting requirements. 45 Fed. Reg. (1980) 45(95):31695–926. https://tile.loc.gov/storage-services/service/ll/fedreg/fr045/fr045095/fr045095.pdf (Accessed 15 February 2023)
	10. Jackson-Rose J, Del Monte J, Groman A, Dial LS, Atwell L, Graham J, et al. Chemotherapy extravasation: establishing a national benchmark for incidence among cancer centers. Clin J Oncol Nurs. (2017) 21(4):438–45. doi: 10.1188/17.CJON.438-445
	11. Dykes TM, Bhargavan-Chatfield M, Dyer RB. Intravenous contrast extravasation during CT: a national data registry and practice quality improvement initiative. J Am Coll Radiol. (2015) 12(2):183–91. doi: 10.1016/j.jacr.2014.07.021
	12. Official Transcript of Proceedings, Advisory Committee on the Medical Uses of Isotopes. US Nuclear Regulatory Commission; (2008). https://www.nrc.gov/docs/ML0903/ML090340745.pdf (Accessed 15 February 2023)
	13. Official Transcript of Proceedings, Advisory Comittee on the Medical Use of Isotopes. US Nuclear Regulatory Commission; (2009). https://www.nrc.gov/docs/ML0920/ML092090025.pdf (Accessed 15 February 2023)




1https://www.regulations.gov/docket/NRC-2020-0141

2https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/risks-assoc-medical-events.html

3https://www.nrc.gov/reading-rm/doc-collections/event-status/event/2021/20210419en.html#en55186

4https://www.federalregister.gov/documents/2022/12/30/2022-28356/reporting-nuclear-medicine-injection-extravasations-as-medical-events?utm_source=federalregister.gov&utm_medium=email&utm_campaign=subscription±mailing±list

5https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML22346A115

6https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML22321A145

7https://www.statnews.com/2021/12/27/nuclear-regulatory-commission-foot-dragging-irradiation-rule-suggests-regulatory-capture/











	
	TYPE Perspective

PUBLISHED 03 March 2023
DOI 10.3389/fnume.2023.1148177






[image: image2]

Extravasation of radiopharmaceuticals: Why report?

Thomas L. Morgan*

Versant Medical Physics and Radiation Safety, Kalamazoo, MI, United States

EDITED BY
Huseyin Ozan Tekin, University of Sharjah, United Arab Emirates

REVIEWED BY
Mohamed M. Abuzaid, University of Sharjah, United Arab Emirates
Hesham M.H. Zakaly, Al-Azhar University, Egypt

*CORRESPONDENCE Thomas L. Morgan tom.morgan@versantphysics.com

SPECIALTY SECTION This article was submitted to Dosimetry and Radiation Safety, a section of the journal Frontiers in Nuclear Medicine

RECEIVED 19 January 2023
ACCEPTED 13 February 2023
PUBLISHED 03 March 2023

CITATION Morgan TL (2022) Extravasation of radiopharmaceuticals: Why report?.
Front. Nucl. Med. 3:1148177.
doi: 10.3389/fnume.2023.1148177

COPYRIGHT © 2023 Morgan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


In this essay, I wish to discuss extravasation in the context of medical imaging and therapy with radiopharmaceuticals. Central to this discussion are two facts. First, they are easily identified, but the frequency of significant extravasations is unclear because there is no generally accepted definition of such an event. And second, there appears to be few reports of injuries from these events. The central thesis of this essay is that these events should be reported and followed so that agreement can be reached on the definition of a “significant” event which should be classified as a medical event in accordance with US Nuclear Regulatory Commission (NRC) regulations. I will also outline steps that can be taken to reduce the risk of extravasations.
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Introduction

In this essay, I wish to discuss extravasation in the context of medical imaging and therapy with radiopharmaceuticals. Central to this discussion are two facts. First, they are easily identified, but the frequency of significant extravasations is unclear because there is no generally accepted definition of a such an event. How much radioactivity must be lost to extravasation for there to be a substantial risk of serious tissue damage? And second, there appears to be few reports of injuries from these events.

The central thesis of this essay is that these events should be reported and followed so that agreement can be reached on the definition of a “significant” event which should be classified as a medical event in accordance with US Nuclear Regulatory Commission (NRC) regulations. I will also outline steps that can be taken immediately to reduce the risk of extravasations.



Frequency of extravasations and sequalae

Extravasation is the inadvertent leakage of fluids or medications out of a vein or artery into surrounding tissues. As discussed by the NRC in a recent report of a subcommittee of the Advisory Committee on the Medical Use of Isotopes (ACMUI), an extravasation does not meet the intent of the medical event reporting requirement because it is not an “error” that represents a breakdown of the licensee's program for ensuring that byproduct material or radiation from byproduct material was administered as required by an Authorized User—it is not considered as the wrong route of administration (1). Consequently, such an event is not currently on the list of reportable medical events found in NRC regulations (10 CFR 35.3045).

European basic radiation safety standards (2) do not address extravasations directly. The responsibility for defining a significant accidental or unintentional exposure event rests with the competent authority of the country where the event occurred.

Personnel who handle radioactive materials in hospitals and nuclear medicine imaging facilities typically receive radiation safety training that includes definitions of radiological medical events and the responsibility to report such events to appropriate regulatory agencies. There are no requirements in regulations or standard clinical practice to follow patients after diagnostic nuclear medicine scans. Since extravasation is not a reportable event, it is not typically discussed in the radiation safety training. Personnel are not held accountable to report such an event to the radiation safety officer. Presumably, it is left to the physician who prescribed administration of the radiopharmaceutical to manage the consequences in accordance with existing policies and procedures, if any.

I have been the designated radiation safety officer (RSO) at a large community hospital in California and two university medical centers and hospitals in New York. During my 20 years of tenure at these institutions, tens of thousands of patients have undergone diagnostic medical imaging studies and therapeutic administrations of radiopharmaceuticals. During this time, no extravasations were reported to me, and I was not made aware of any reports of tissue reactions at injection sites. In addition to membership on radiation safety committees I, as the RSO, was a member of the radiology departments' quality assurance committee at two of these institutions. Extravasations were not reported to or tracked by these committees.

It is a well-established fact that extravasations of drugs and fluids occur during the normal course of medical care. There are reports in the literature of events involving radiopharmaceuticals. A recent review by van der Pol et al. summarized published reports of radiopharmaceutical extravasations (3). Thirty-seven publications reported 3,016 cases involving diagnostic agents and eight publications reported 10 cases involving therapeutic agents. No discussion of the frequency of occurrence was presented. Osborne et al. reviewed nine published reports and found a mean frequency of 10.4% across 20 institutions (4). In their review of the literature, the NRC Subcommittee on Extravasation of the ACMUI found four studies that reported an average extravasation rate of 17% (1).

The ACMUI report suggests that a 17% extravasation rate is not consistent with reported rates for chemotherapy (0.09%) or IV contrast (0.24%) (1). Their report points out that the definition of extravasation is dependent on the agent—for radiopharmaceuticals it is “increased uptake of tracer at the injection site,” for non-radiopharmaceuticals it is “pain, swelling, or redness.” They report on one study that found that in 98% of the extravasation events, the amount of the activity at the injection site was less than 1% of the injected activity (5).

The literature on the sequalae of these events is very sparse. Reported injuries caused by extravasation of radiopharmaceuticals have been published occasionally as single case studies have [for examples, see (6–8)]. The ACMUI report “recognizes that, in rare cases, extravasated radiopharmaceuticals have caused serious tissue injuries to patients” (1).

This may account for the paucity of literature reports of injuries—although the extravasation event is easily detectable, the amount of activity in the tissue is too low to cause significant tissue damage. Another reason may be that serious tissue damage caused by ionizing radiation typically manifests itself many months or years after the event (9).

Even if an extravasation event only involves 1% of the injected activity, the radiation dose to the tissue could be substantial (hundreds to thousands of mGy), especially for therapeutic agents. Using data from Wilson et al. (10), (Table 1) below shows the estimated dose from a variety of diagnostic and therapeutic radiopharmaceuticals, assuming 1% of the injected activity.


TABLE 1 Estimated radiation dose to tissue if 1% of administered activity is extravasated.

[image: Table showing isotopes with labels and agent types, including C-11 Choline, F-18 Deoxyglucose, Ga-68 Dodatate, Tc-99m Medronate, I-131 Iobenguane, and Lu-177m Dodatate. It details self-dose factors, typical administered activity, and tissue doses. Footnotes and references provide additional information from various sources.]

It should be noted here that the self-dose factors are based on a variety of assumptions. For example, data were generated for a water-filled 5 cm3 spherical volume of water containing a uniformly distributed activity of 100 MBq (10). However, the geometry of this model may be questionable since the skin and underlying muscles are composed of multiple layers. An alternative model might include a flattened disk, suggesting that the liquid may have infiltrated between layers. Also, although not stated, it appears that doses are calculated for the total lifetime of the isotope in question. No data is presented regarding the effects of the labelling compounds on migration outside the site or normal clearance from the tissue.

Assuming the radiopharmaceutical is administered intravenously into the antecubital vein, the main tissues at risk are the skin and underlying muscle tissue. It is known that radiation doses in excess of Gy (65,000 mGy) have a 50% risk of causing severe complications within five years (TD 5/50). For adult muscle tissue, the TD 5/50 is 80 Gy (80,000 mGy) (9). The data presented in (Table 1) suggests extravasations of diagnostic radiopharmaceuticals, even at 10 times the levels discussed, are unlikely to cause significant tissue damage. However, therapeutic agents are clearly a risk.



Rationale for reporting extravasations

First, as discussed above, the data on the frequency of occurrence of extravasations is weak due to a lack of agreement on a definition. Mandatory reporting would increase the visibility of these events. It would also allow for collection of detailed data, including


	•Radiopharmaceutical administered

	•Prescribed route of administration

	•Estimated activity remaining at the injection site or site of extravasation

	•Root cause of extravasation

	•Corrective and preventative actions taken to reduce the risk of reoccurrence

	•Follow up to assess long-term consequences



Second, analysis of reported preventative actions taken would help develop best practices to prevent future problems.

Third, collection of data on long-term follow-up of the affected patients will help identify the level of activity that could be expected to cause significant tissue damage.



Actions that can be taken now


Acknowledgement

The first action is to acknowledge that extravasations can occur. The International Council on Radiation Protection (ICRP) Report 140 offers recommendations on preventing and detecting extravasations (11).


Infusions must take place via an appropriate venous access device to ensure safe administration and prevent extravasation. Patients should be monitored for extravasation during administration. In the event of an extravasation, the infusion must be halted immediately … The event must be recorded, and follow-up is advised.



The NRC ACMUI is on record opposing mandatory reporting of these events, due in large part to the estimated number that could be reported (1). They do, however, endorse the following efforts:


	•Nuclear medicine facilities should have comprehensive quality control measures in place to monitor and track extravasations to improve the quality and safety of patients undergoing medical procedures involving the use of radiopharmaceuticals.

	•While there should be a quality assurance policy to monitor and improve the extravasation rate at an institution, as there exists for many types of medical procedures, this should be conducted as part of a medical quality improvement initiative, and not subject to regulation by the NRC.



At a minimum, these events should be reported to a radiological or radiation therapy quality assurance committee and to senior management. An analysis of the root cause(s) should be initiated. Based on a review of the event, a plan of action should be initiated to prevent or reduce the risk of another occurrence.

The Radiation Safety Officer (RSO) is uniquely positioned within the institution to organize this effort. With access to all levels of management and personnel directly involved with administration of radiopharmaceuticals, the RSO is responsible for ensuring the safe use of radioactive materials, investigating events, and recommending and monitoring remedial actions (12). Senior management and clinical staff can be educated on the possibilities of an extravasation, how to detect it and its potential consequences. Wilson et al. offers practical tools to facilitate and standardize practical analysis of dosimetry for these events (10). The RSO and senior nuclear medicine clinical staff can develop appropriate policies for follow up on patients who may have a potentially serious extravasation.



Training

At the operational level, staff training should include a discussion of identification of and risks of extravasations and what can be done to prevent them. For an illustration of the effectiveness of training, I offer the following example from my experience as an RSO. I have responded to and investigated multiple spills in nuclear cardiology departments. Almost all involved leakage from I.V. lines that were poorly connected, inadequately secured, or clogged. Contributing causes included administration by newly hired personnel (e.g., young physicians who were beginning their residency or fellowship in nuclear cardiology) and administration of the radiopharmaceutical through an existing I.V. line that had not been properly evaluated to ensure a secure connection and patency prior to beginning the injection. In collaboration with the chiefs of the nuclear cardiology departments and the chief nuclear medicine technologists, a training program was implemented that: (i) made staff aware of prior events and the root causes; (ii) emphasized starting new I.V. access; and (iii) flushing the line with saline prior to administration to ensure patency. This dramatically reduced the frequency of these events.



Research

As discussed above, there is no agreement on the definition of a “significant” extravasation event. The ACMUI report states “There is no clinical evidence that patients are being harmed.” (1). This is short-sighted. Given that it is not standard clinical practice to follow patients, due in part to a lack of definition of these events, it is not surprising that there is little evidence, because there are few reports in the literature. More research is needed to better understand the nature of radiopharmaceutical extravasations. Questions include:


	•How much activity is involved?

	•Are there routes of administration that are more likely to result in extravasations?

	•Are there scan types where extravasations are more likely?

	•What is the appropriate model to be used to estimate tissue dose?

	•How should the events be categorized in terms of seriousness of the injury? Should this scale be used to guide event reporting to the NRC?



The ACMUI reviewed five options for processes to trigger event reporting. The committee favored reporting those events requiring medical attention for a suspected radiation injury due to extravasation. This would not require dosimetry to be performed before reporting (1).




Summary

Significant injuries from extravasation of radiopharmaceuticals are rare. However, there is no generally accepted definition of a significant extravasation, patients are not routinely followed, and radiation injuries can take months to years to appear. These complications demonstrate the need for further action and research. Steps can be taken by radiation protection personnel at medical institutions to educate practitioners and staff about extravasations, their risks and what steps can be taken to reduce their occurrence. Further research needs to be performed to better understand the incidence rate, categorization, causes, and methods of prevention.
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Introduction: In 2016, our center adopted technology to routinely monitor 18F-FDG radiopharmaceutical administrations. Within six months of following basic quality improvement methodology, our technologists reduced extravasation rates from 13.3% to 2.9% (p < 0.0001). These same technologists administer other radiopharmaceuticals (without monitoring technology) for general nuclear medicine procedures in a separate facility at the clinic. Our hypothesis was that they would apply 18F-FDG lessons-learned to 99mTc-MDP administrations and that 99mTc-MDP manual injection extravasation rate would be consistent with the ongoing 18F-FDG manual injection extravasation rate (3.4%). We tested our hypothesis by following the same quality improvement methodology and added monitoring equipment to measure extravasation rates for 99mTc-MDP administrations.



Results: 816 99mTc-MDP administrations were monitored during 16-month period (four 4-month periods: A, B, C, D). Period A (first four months of active monitoring) extravasation rate was not statistically different from the Measure Phase extravasation rate of the previously completed PET/CT QI Project: 12.75% compared to 13.3% (p-0.7925). Period A extravasation rate was statistically different from Period C (months 9–12) extravasation rate and Period D (months 13–16) extravasation rate: 12.75% compared to 2.94% and to 3.43% (p < 0.0001). During Period C and D technologists achieved extravasation rates comparable to the longstanding manual 18F-FDG injection extravasation rate (3.4%).



Conclusion: Our initial hypothesis, that awareness of a problem and the steps need to correct it would result in process improvement, was not accurate. While those factors are important, they are not sufficient. Our findings suggest that active monitoring and the associated display of results are critical to quality improvement efforts to reduce and sustain radiopharmaceutical extravasation rates.
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Introduction

Proper administration of a diagnostic radiopharmaceutical is essential for nuclear medicine image quality and quantification (1–8). Extravasation, an incomplete delivery of a radiopharmaceutical into the venous system, can compromise imaging, the patient's ensuing care, and sometimes lead to unnecessary additional radiation dose for repeat imaging studies. In addition, large extravasations can pose radiation harm to patients (9).

Studies suggest that an average of 15% (2 to 23%) of radiopharmaceutical administrations may result in an extravasation (5, 6, 10–14), but currently there is no routine quality control to ensure complete delivery of the radiopharmaceutical into the patient's circulation. However, with adequate training and ongoing injection quality monitoring, technologists are capable of improving injection quality significantly (15) and sustaining the results by implementing ongoing monitoring (16).

In 2016, our center participated in a multicenter 18F-FDG radiopharmaceutical administration QI Project, using Define, Measure, Analyze, Improve, Control methodology (15). The goal of the Project was to monitor injection quality, use analysis of factors that contribute to extravasations to guide improvements, remeasure rates in similar number of patients, and evaluate sustainability of interventions.

A quality improvement plan (QIP) was created on the basis of the analysis of contributing factors and in discussion with each technologist participating in the study. The QIP included three components: addition of an auto-injector to provide consistent infusion and flush parameters across injections, adjustment of uptake room setup to allow for improved access to left and right arms of the patient, and peer-led refresher training for venous access and injection technique. Following the QIP the technologists reduced the extravasation rates from 13.3% (Measure Phase) to 2.9% (Control Phase) (16). The 2.9% was a combination of auto injections extravasation rate (0.6%) and manual injection extravasation rate (7.1%). Ongoing monitoring ensured continued sustainability of results and further reduced manual injection extravasation rate to 3.4%.

At our clinic, general nuclear medicine procedures were performed in a different facility than PET/CT procedures, but the technologists who performed 99mTc-MDP administrations were also the same ones who performed 18F-FDG administrations. These technologists were aware of the steps required to reduce 18F-FDG administration extravasations. As a result, we hypothesized that they would apply 18F-FDG quality improvement lessons-learned to 99mTc-MDP administrations, and the resulting 99mTc-MDP administration manual injection extravasation rate would not be statistically different from the ongoing manual injection extravasation rate (3.4%) in 18F-FDG administrations.

We tested our hypothesis by adding monitoring equipment 30 months after completing the PET/CT administration quality plan, and following quality improvement methodology, measured a baseline extravasation rate for 99mTc-MDP administrations. Our findings suggest a new hypothesis: active monitoring of radiopharmaceutical administrations is critical to ensuring radiopharmaceutical administration quality.



Materials and methods

The Institutional Review Board of Carilion has determined that quality improvement efforts for 18F-FDG do not meet the definition of research as defined by the federal government in 45 CFR 46.102(d) and therefore, no patient consent was required. No protected health information was collected or transmitted. Every patient undergoing routine 99mTc-MDP bone scans was eligible to be included in the QI methodology. Patients followed standard clinical preparations for SPECT/CT imaging and were not exposed to additional radiation during this Project.

For 30 months after completion of the 18F-FDG quality improvement project we did not actively monitor the quality of 99mTc-MDP administrations. We then introduced a Lara® System (Lucerno Dynamics, Cary, NC) designed for capturing 99mTC emissions to help clinicians determine the quality of MDP administrations. The Lara® System is comprised of gamma scintillating sensors, adhesive pads, a reader, and software (Figure 1). After technologists gain venous access, they place the sensors on the injection arm and in a mirrored location on the other arm. The sensors identify the presence of excess radiopharmaceutical near the injection site and are connected to a reader that provides real-time display of activity in each arm. The reader also stores data and later transmits the recorded scan to a server for processing of time-activity curves (TACs).


[image: A person receiving medical treatment while lying on a hospital bed. Their arm is equipped with electrodes connected to a blue device labeled "Lara" on a nearby table. The person is wearing a white sweater.]
FIGURE 1
The Lara System consists of 2 scintillating sensors, 2 adhesive pads, reader, docking station and software. Sensors are placed on injection and reference arm of the patient. Real-time counts are visible on reader's display.


Bone SPECT images were acquired with a Siemens Intevo Bold (Siemens Medical Solutions USA, Inc.) after standard injected activity of 25mCi 99mTc-MDP using a LEHR collimator and matrix size of 256 × 256 with a zoom of 1. SPECT data were acquired using 30 views in a noncircular (body contour) orbit with an acquisition time of approximately 20 s per view. For CT Acquisition, data were acquired using 130 kVp with CareDose 4D and pitch of 1.5 and detector settings of 16 × 1.2 mm with 3 mm slice thickness.


Statistical analysis

Statistical analysis was performed using the JMP 16.0 statistical software package (SAS). Unadjusted extravasation rates were calculated by dividing the number of extravasations by the number of injections. The Fisher's Exact test and Two Sample Test were used to compare increase or decrease in extravasation rates in groups before and during active monitoring. All statistical tests were 2-sided, and a threshold P value of less than 0.05 was considered statistically significant for rejection of the null hypothesis. Chi-square test was used to identify contributing factors in each period as well as to identify whether the difference in extravasation rates among those factors is statistically significant.




Results

Data were collected on 816 administrations during 16-month period and the extravasation rate was found to be 7.84%. A closer examination of the 16-month (four 4-month periods: A, B, C, D) and potential contributing factors revealed that a significant reduction in extravasation rate had occurred over these periods (Figure 2).


[image: Bar chart titled "Extravasation Rate per Period" showing four periods: A (1-4 months) with 12.75%, B (5-8 months) with 12.25%, C (9-12 months) with 2.94%, and D (13-16 months) with 3.43%. Each period has 204 observations. Extravasations number 26, 25, 6, and 7, respectively.]
FIGURE 2
Extravasation rate reduction during four periods.


Period A (first four months of active monitoring) extravasation rate was not statistically different from the Measure Phase extravasation rate of the previously completed PET/CT QI Project: 12.75% compared to 13.3% (p-0.7925). Periods C (months 9–12) and D (months 13–16) extravasation rates were statistically lower than period A extravasation rate: 2.94% and 3.43% (p < 0.0001) compared with 12.75%. After analyzing contributing factors and implementing improvements, technologists achieved extravasation rates during Period C and D comparable to the longstanding manual 18F-FDG injection extravasation rate (3.4%).

Our contributing factors analysis suggests that during Period A, injection site location, venous access technique, and needle size, were associated with higher extravasation rates (Table 1). Further analyses suggest that when technologists stopped using the venous access technique of straight sticks (Table 2) and 23-gauge needles (Table 3), those factors were no longer associated with extravasation rates in Period D.


TABLE 1 Period A contributing factors.

[image: Table showing effects and p-values related to the probability of extravasation. Wrist injection location's probability is higher than antecubital (p=0.0312). Straight stick technique is higher than IV technique (p=0.0001). Twenty-three-gauge needle is higher than twenty-two-gauge needle (p=0.0001).]


TABLE 2 Straight stick extravasation rate compared to IV access technique extravasation rate.

[image: Table comparing extravasation rates for Straight Stick and IV Access across four periods. Straight Stick shows injections and extravasations decreasing from period A to D, with rates from 25% to 0%. IV Access shows injections increasing, with rates from 9.38% to 3.43%.]


TABLE 3 23-Gauge needle extravasation rate compared to other needle gauge extravasation rates.

[image: Table comparing extravasation rates between 23 gauge and other needle gauges over four periods (A to D). For the 23 gauge: Period A had 19 injections and 4 extravasations (21.05%), Period B had 15 injections and 5 extravasations (33.33%), Periods C and D had no extravasations. For other gauges: Period A had 185 injections with 22 extravasations (11.89%), Period B had 189 injections with 20 extravasations (10.58%), Period C had 201 injections with 6 extravasations (2.99%), and Period D had 204 injections with 7 extravasations (3.43%).]



Discussion

Our hypothesis that problem awareness and solution availability from the previously completed quality improvement project would result in radiopharmaceutical administration process improvement was not accurate. While those factors are important, they are not sufficient. At our center, active monitoring and the associated display of results have proven to be critical to quality improvement efforts to reduce and sustain radiopharmaceutical extravasation rates. Active monitoring provides information necessary to determine contributing factors and when combined with active management review of displayed results, leads to improved administration quality. Our findings related to active monitoring are also supported by another center's quality improvement results1.

While ongoing active monitoring may be necessary for sustained quality administrations, it has many other implications.


Regulatory implications

In 2020 members of nuclear medicine community had an opportunity to share their position on diagnostic extravasations with the Nuclear Regulatory Commission (NRC). The NRC had requested public comments on a petition to eliminate an internal NRC policy that exempts extravasations from medical event reporting, even if the extravasation's absorbed tissue dose exceeded the reporting limit. As part of the request for public comments, the NRC asked: “Do you expect that monitoring for extravasation and reviewing the results would improve radiopharmaceutical administration techniques at medical use licensee facilities?” The leaders of the Society of Nuclear Medicine and Molecular Imaging (SNMMI), the organization that provides guidelines and standards for molecular imaging and nuclear medicine practice, stated that regular in-service education of those individuals who administer radiopharmaceuticals was important, but that “monitoring is not expected to improve administration techniques”2. Our findings and the well-documented “observer effect” experienced by our technologists suggest the opposite: monitoring will improve administration techniques.



Quality improvement implications

Measurement and identification of contributing factors are critically important for process improvement. Nuclear medicine extravasation rates have been difficult to measure without active monitoring. These measurement difficulties are related to a few factors. When extravasated, the small injection volumes of non-vesicant radiopharmaceuticals do not cause immediate, visible changes to the overlying skin near the injection site, nor immediate pain to patients. Additionally, injection sites are routinely outside of the standard imaging field of view for non-MDP injections (10). When diagnostic extravasations go undetected, and centers do not understand contributing factors, administration quality is difficult to improve. Active monitoring enables measurement and provides public feedback specific to technologist/technologist teams based on analyses of contributing factors, leading to process improvement efforts.



Dosimetric implications

Routine diagnostic procedures, including bone scans, are often viewed as low risk to patients. However, recent findings show that large extravasations of diagnostic radiopharmaceuticals can result in high doses to the tissue leading to adverse tissue reactions (9, 17). In such cases timely measurements of radioactivity can protect both patients and institutions, assisting in determining the need for repeat imaging and patient follow-up. In order to assess absorbed dose to tissue, the following factors are important: initially extravasated activity, emission types and energies, the mass of affected tissue, and the rate of biological clearance (9). Active monitoring promptly identifies extravasations that require dosimetry. It also helps to determine biological clearance and initially extravasated activity (9). Active monitoring can reveal patient- or procedure-specific insights. For example, due to the chemical properties of 99mTc-MDP, biological clearance can be limited. Additionally, extravasations of 99mTc-MDP, which is commonly injected using a straight stick with no saline flush, can result in a small volume of highly concentrated radiopharmaceutical.



Precision medicine implications

Precision medicine is becoming more important in radiology and nuclear medicine. Variability in clinical interpretation of images limits progress toward precision medicine. Extracting reproducible, quantitative standardized uptake value (SUV) results from scans is important in reducing variability and becoming an expected performance measure (18). Obtaining accurate SUV measures requires attention to all potential sources of variance. Extravasation can be a major source of variance. Active monitoring of injection quality can reduce this variance.



Theranostic implications

The use of radiotherapy is growing worldwide. These therapies typically require administrations of high activity alpha- and beta-emitting energies. Often times these therapies use isotopes with longer half-lives which increase their effectiveness. Many radiotherapeutic procedures do not include imaging until the following day or days. As a result, an extravasation of administered activity can go undetected and result in a high absorbed dose to tissue (19, 20). Active monitoring of the radiotherapeutic administration raises technologist awareness and allows immediate application of mitigation strategies to minimize absorbed dose to tissue.




Conclusions

Our initial hypothesis that awareness of a problem and the steps needed to correct would result in process improvement was incorrect. In our center, technologists trained in QI methodology had not applied lessons-learned from their 18F-FDG PET/CT QI Project to 99mTc-MDP administrations. However, by requiring active monitoring and displaying results, the trained technologists determined contributing factors and reduced extravasation rates significantly. These findings are consistent with our previous experience in PET/CT QI findings from another center, and the well-known observer effect phenomenon. These findings also suggest that centers that want to improve their radiopharmaceutical extravasation rates can benefit by implementing active monitoring.
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The primary goal of diagnostic nuclear medicine is to provide complete and accurate reports without equivocation or disclaimers. If specific clinical questions cannot be answered because of radiopharmaceutical extravasation, the imaging study may have to be repeated. The decision to reimage is based on several factors including the diagnostic quality of the images, additional patient radiation dose, patient burden, and administrative constraints. Through process improvement efforts, nuclear medicine departments can significantly reduce the frequency of extravasation and thereby also the need for reimaging. Communication with the patient is important any time extravasation may impact their immediate or future care. The circumstances and potential ramifications should be explained, and patient concerns should be addressed. Although recent arguments have been made in favor of investigating and addressing only those extravasations which result in serious patient injury, patients and their referring physicians deserve to know any time their nuclear medicine study may have been impacted.
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1. Introduction

Diagnostic nuclear medicine involves the use of radiopharmaceuticals to assess and diagnose conditions such as cancer, infection, and heart disease. Most procedures begin by intravenously administering a radiopharmaceutical—typically into the basilic or cephalic veins in the antecubital fossa, forearm, or hand. Within seconds, the injected material travels through the circulatory system and disperses throughout the body. Specific radiopharmaceuticals are tailored to target specific biological processes within the body (e.g., Fluorodeoxyglucose and metabolism), and concentrate within regions of the body accordingly. Nuclear imaging can then be used to create images from these areas of high and low radiopharmaceutical uptake.

Occasionally, radiopharmaceuticals are accidentally injected partially or entirely into the tissue surrounding the vein, rather than the vein as prescribed. This is known as extravasation and can happen for a variety of reasons, such as, due to misplacement of the needle or structural failure of the vein during injection of the radiopharmaceutical or saline flush (1). The frequency of extravasation within diagnostic nuclear medicine imaging is reported to be 15% with potentially large variability due to center- and individual-specific factors (2–8). During an extravasation, a portion of the injected radiopharmaceutical will infiltrate the tissue instead of entering systemic circulation as intended. Over time, the extravasated material will disperse and clear through the patient's lymphatic system, but those processes take time. There are two ways that an extravasation can impact the patient or their medical care. First, by unanticipated irradiation of injection site tissue, and secondly, by altering the dynamics of radiopharmaceutical biodistribution and uptake and thus compromising the imaging procedure.

When properly administered, radiopharmaceuticals are dispersed throughout the body and result in very low radiation dose for the patient. However, for cases of extravasation, dose to the injection site tissue can be substantial (9–16). The published literature includes examples where radiopharmaceutical extravasation has caused tissue damage such as erythema, desquamation, and necrosis (13, 14, 17–21) as well as increased risk of cancer (22). Harm may take weeks or months to manifest (23–25), though, so prompt identification of extravasation is important to mitigate potential effects.

Extravasations can also impact the patient by delaying systemic circulation of a portion of the injected radiopharmaceutical. Interpretation and quantification of nuclear medicine imaging assumes that the radiopharmaceutical is injected as a bolus and promptly distributed. The amount of time between injection and imaging is chosen to allow for not only organ or tumor uptake of the radiopharmaceutical, but also clearance of it from the patient's vascular system. However, in cases of extravasation, the radiopharmaceutical is reabsorbed by the lymphatic system and deposited into the venous blood over the course of several minutes to hours (9, 26). The concentration of radiopharmaceutical in the blood is elevated at the time of imaging which reduces target-to-background contrast. This can confound identification and assessment of smaller or less avid targets (27).

Additionally, when systemic availability of the radiopharmaceutical is delayed due to extravasation, organ or tumor uptake will be suboptimal at the time of imaging. Because of the decreased uptake, quantitative and semi-quantitative calculations will be inaccurate. One such semi-quantitative measure of uptake is called the Standardized Uptake Value (SUV) and is calculated relative to the injected activity per unit weight of the patient (28). When a portion of the injected radiopharmaceutical is unavailable for uptake, SUV is inaccurate by definition. Other imaging procedures and their respective calculations are also impacted by extravasation. For example, in myocardial perfusion imaging, extravasation can lead to increased image noise and attenuation of defects developed during peak stress (29). Extravasation during renal scintigraphy studies, such as calculation of glomerular filtration rate (GFR), can invalidate the findings due to delayed uptake and washout (30). And in brain imaging, extravasation can reduce uptake and thus feature identification (31).

To enable the best possible care, nuclear medicine imaging studies must present information that is as clear and unambiguous as possible. Extravasation is one factor that reduces clarity and complicates image interpretation. For that reason, monitoring of injections in both general nuclear medicine and PET/CT has become a routine practice at our institution. By identifying and characterizing extravasations, we are able to proactively estimate the impact on image reliability and also better communicate with the patient about their care. On several occasions, we have determined that a patient would be better served by re-imaging rather than using the images from an extravasated injection. The decision to do so, however, is based on several factors.



2. The decision-making process

When deciding whether to repeat a study, our primary consideration is whether the image satisfies the diagnostic needs of the referring physician. We strive to provide complete and accurate reports without equivocation or disclaimers. If specific clinical questions cannot be answered due to technical or quality-related issues, the study may have to be repeated.

It is true that some diagnostic studies are minimally affected by extravasation. For example, when investigating a fever of unknown origin, most causes of pathologic uptake will be diagnostic and need not have accurate SUV measurements. The one exception might be in the setting of tumor fever in an undiagnosed or occult cancer. For other studies, though, the impact on patient care can be significant. In a previously published report from our institution (27), PET imaging revealed a single lung mass with no nodal involvement or metastases (Figures 1A, C). Initial disease staging was T3N0M0. However, because of significant extravasation, we questioned the reliability of the findings. The patient was reimaged three days later, and additional disease was evident in the right adrenal (Figures 1B, D). Disease staging was revised to T3N0M1. Extravasation affected the images such that they did not accurately answer the clinical questions being asked, and our decision to reimage resulted in a significant change to disease management for the patient. Based on revised staging, the patient was no longer a candidate for the previously planned surgical debulking and adjuvant therapy. The patient chose to enter hospice care and passed away not long thereafter.


[image: Four medical imaging scans labeled A, B, C, and D. Images A and B are full-body PET scans highlighting areas of metabolic activity in red and yellow hues. Images C and D are axial CT scans of the abdomen showing tissue structures in cross-section. Each scan presents different visual information likely related to diagnostic analysis.]
FIGURE 1
PET/CT images demonstrating the implications of a large extravasation. Subparts (A) and (C) correspond to the extravasated imaging, (B) and (D) are from reimaging three days later with no extravasation. Subpart (A): maximum intensity projection (MIP) showing extravasation in the right antecubital and a large mass in the upper left lung. Subpart (C): slice at the renal level indicating no obvious occult uptake. Subpart (B): MIP view now with an additional lesion evident in the adrenals. Subpart (D): slice from the renal level showing increased focal uptake within the adrenals.


In another example1, a patient was referred for staging prior to external beam radiation therapy. Four lesions were evident in the image, but we also noted significant extravasation. We decided to repeat the study after considering the intent of the referring physician and the potential ramifications of an inaccurate study; we scheduled the patient to be reimaged 5 days later. Based on the second PET scan, metabolic Tumor Volume (MTV) calculations from the original were found to have been understated by 46% on average. Use of the inaccurate MTVs could have resulted in inadequate radiation therapy for this patient.

Secondary factors may also affect the decision to reimage. These factors include additional patient radiation dose, patient burden, and administrative constraints.

Nuclear medicine procedures necessarily expose the patient to radiation dose. When deciding to repeat a portion of the procedure, we consider whether the benefit outweighs the risk associated with the additional radiation dose. It may be appropriate to document the risk-benefit analysis—particularly for cases involving children or breastfeeding mothers. This practice is consistent with the principles of “As Low As Reasonably Achievable” (ALARA) and with the recent industry focus on reduction of radiation doses in nuclear medicine2,3.

Burden on the patient is another factor that we consider. For many patients, difficulty with transportation, childcare, time away from work, and other factors can be significant barriers to care (32). When these factors impact a patient, they may be less willing to attend a rescheduled procedure.

Administrative constraints, including the cost to reimage compromised procedures, can also play an important role in the decision-making process. Our institution accepts that it sometimes may be necessary to repeat a procedure, and we reimage with no additional cost to the patient. Our ability to do this, though, is reliant on past work that we have done to reduce the overall frequency of extravasation (33). By using the “Define, Measure, Analyze, Improve, Control” process improvement technique over a time period of 25 weeks, we have reduced the incidence of extravasation in PET/CT by over 78% (from 13.3% to 2.9%, P < 0.001) (34). Since improving the quality of our radiopharmaceutical injections, we typically consider reimaging only a few patients per year.

For example, in 2022, we monitored 2,060 PET/CT injections. Of those, we determined 2,001 (97.1%) to be ideal, 52 (2.5%) to be negligibly extravasated, and 7 (0.3%) to be moderately or severely extravasated. Cases of negligible extravasation can be quickly confirmed to have no impact on the patient or imaging procedure. For more severe examples, a simple process of characterization can be used to assess not only the need for reimaging, but also the potential radiological affects to the patient (9, 10). Based on the criteria discussed above, only one case warranted reimaging. Our institution accepts occasional reimaging as one of the many costs of ensuring that we provide high quality images and reports, but we continue to work toward minimizing the frequency of extravasation.

Each of the factors above are important parts of the overall decision to reimage with the primary goal being to provide accurate and definitive answers to the clinical questions being asked. Sometimes that goal can be achieved using diagnostic images that are compromised, but in cases where the reading physician's interpretation is ambiguous, the secondary decision factors are of limited importance.



3. Patient communication

Several authors describe the importance of procedure-specific information, including information about risks, in the management of patient anxiety (35–38). Less has been written, though, about the process of discussing problems during patient care. Some hold a belief that communicating with patients about problems should be avoided. For example, in a recent statement concerning extravasations, the Health Physics Society said, “Additional documentation of the survey and measurement of infiltration would need to be included in the medical record, adding further to additional burden and raising the issue of needlessly alarming patients” (39). Likewise, in an official response to the a proposal to consider extravasations as reportable medical events, one commenter said, “Classifying extravasation as medical even[ts] would mean that it must be communicated to patient. Many patients who already have to cope with cancer or other serious diseases would have to deal with this additional piece of information, no matter how trivial it might be” (40). In contrast, we do not agree that communicating with patients about extravasation is alarming, needless, or trivial.

At our institution, we prospectively monitor the administration site for extravasation with the latest technology and we explain to patients the importance of the quality of the administration. When we are alerted that excess radiotracer is present near the injection site as compared to the levels in the opposite arm, we include the injection site in the imaging field-of-view. After confirming extravasation, our standard procedure is for the nuclear medicine technologists to talk with the patient and explain what happened. Because of the latent effects of ionizing radiation and because patients may not realize they have been extravasated, our technologists discuss possible localized effects (e.g., erythema, pain) that may be experienced. Then, based on a determination by the radiology physician, our technologists work with the patients to schedule a repeat imaging scan.

In our experience, the overwhelming response is that patients appreciate that we prioritize the quality of the study, and they are willing to repeat procedures when asked. It is not uncommon for patients to be well educated about their care and the procedures they undergo. Access to information from the internet and their own electronic medical records has increased both patient involvement and their appetite for substantive communication. Furthermore, we keep the patient's referring physician informed so that they can continue to make appropriate care judgements.

Recently, the U.S. Nuclear Regulatory Commission (NRC) accepted a petition for rulemaking that certain extravasations be reported. The Commission has initiated rulemaking, but suggested that only those extravasations which result in tissue damage as confirmed by a physician authorized-user or that providers suspect could result in tissue damage should be reportable events (41). Presumably, all other radiopharmaceutical extravasations would be exempted from reporting and there would be no requirement to notify patients or their referring physicians. We worry that this recommendation may encourage providers to accept poor injection quality rather than work to improve their training and techniques. Given the impact that extravasation can have on the quantification and interpretation of nuclear medicine studies, it is worthwhile to reduce the frequency of all extravasations, not only those that could cause serious injury. We believe patients, and their referring physicians, deserve to know when a technical or otherwise procedural error has occurred even if no injury is identified. Chamberlain et. al., argue that it is in fact best practice to communicate fully, even in the case of apparently harmless errors: “Full disclosure of minimal-harm or near-miss errors strengthens the patient-surgeon relationship, cultivates an open atmosphere of dialogue, and facilitates patient participation in medical decision making” (42).



4. Conclusion

Radiopharmaceutical extravasation can result in serious consequences to the qualitative and quantitative value of nuclear medicine imaging studies. There may also be follow-on effects to the patient's overall care and wellbeing. To provide high quality service, nuclear medicine departments as well as the interpreting radiologist physicians should be cognizant of the possible need to repeat studies which have been affected by an extravasation. The decision to reimage is based on several factors, but chief among them should always be the clinical intent of the procedure. Additionally, patients expect and deserve to be told when a medical procedure does not go according to plan. Providers should be prepared to communicate the circumstances, explain the possible ramifications, and ensure appropriate actions are taken.
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Interest and research into radiopharmaceutical extravasation concepts has risen with the increase in use of radiopharmaceutical therapies, growing access to novel molecular imaging agents, and recent regulatory controversies. This mini-review will examine the literature of the last twenty years to summarize the history of radiopharmaceutical extravasations, determine key trends in imaging and therapies, and highlight critical gaps in research that currently exist. The intent of this work is to provide a summary of this complex topic that helps build awareness and promotes new innovations in this interesting aspect of theranostic radiopharmaceuticals.
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1. Introduction


1.1. Mini-review objective

Mini-reviews typically begin with a summary of what topic they will cover and their primary topic, however, given the recent controversies around the topic of radiopharmaceutical extravasation, this review will begin with what it is not.


	•This mini-review is not meant to take a position regarding what type of extravasation monitoring should be performed.

	•This mini-review is not meant to provide support for, or oppose, the Nuclear Regulatory Commission’s decision to review radiopharmaceutical extravasations (1).



What this mini-review will provide is a brief history of radiopharmaceutical extravasation, review the current landscape of radiopharmaceutical extravasation literature, and highlight key gaps in current research related to this topic.



1.2. Summary of radiopharmaceutical extravasations

Radiopharmaceutical extravasations are a potential complication in molecular imaging studies that occurs when a radiopharmaceutical leaks out of the injection site into the surrounding tissue. They occur due to a wide range of reasons from the use of sub-optimal injection techniques to patients simply having poor or degraded vein quality resulting in post-injection veinous rupture (2). These events have historically been considered to be of little concern in molecular imaging, however, the emergence and widespread adoption of new radionuclide therapies have brought increased awareness regarding injection impact for both diagnostic and therapeutic radiopharmaceuticals.

Early awareness of extravasation risks associated with non-radioactive contrast media was shown in studies even back to the 1960s (3), however, the advent of Computed Tomography (CT), Magnetic Resonance Imaging (MRI), and the use of infused chemotherapy drugs for the treatment of cancer brought the analysis of extravasations and their potential clinical impact to the forefront between 1970s and 1980s (4–6). Extravasation remains a key area of interest within MRI and CT appearing consistently in continuing education articles for healthcare providers while radiopharmaceutical extravasations have only gained significant attention more recently. Although an increase in the volume of radionuclide extravasation has been observed, a search of PubMed over the last twenty years for the specific terms “iodinated contrast media extravasation” and “radiopharmaceutical extravasation” shows a ratio of 146 to 11 peer reviewed publications, respectively.

The Nuclear Regulatory Commission (NRC) requires licensees to report all medical events involving the administration of radiopharmaceuticals that result in a radiation dose to the patient exceeding certain levels. However, according to NRC Federal Register documentation, extravasations and infiltrations of radiopharmaceuticals are not classified as medical events and are thus exempt from reporting requirements unless they meet specific criteria (1). Despite the exemption to federal reporting and disagreements on exact processes related to extravasations, many healthcare professionals and regulatory bodies still recommend reporting and documenting radiopharmaceutical extravasations as part of good clinical practice (7–10). Guidances, such as the IAEA Quanum 3.0 even provides specific regulatory guidance for standard operating procedures that should be in place for appropriate management of events that may occur (11). It should be noted that while these guidelines and recommendations suggest reporting extravasations as part of good clinical practice, the specific reporting requirements may vary depending on the regulatory bodies and institutions overseeing the clinical practice setting.

Over the last five years, radiopharmaceutical extravasations have become an unexpected source of controversy within the molecular imaging community. It is well known that non-radioactive pharmaceuticals and contrast agents that are extravasated have potential for significant deleterious effects to patients (12–14). Within the field of nuclear medicine and molecular imaging, however, the working assumptions have generally followed those of the 1980–2002 Federal Register Notices by the NRC that excluded radiopharmaceutical extravasations from reporting requirements as medical events. The NRC in conjunction with the Advisory Committee on the Medical Use of Isotopes (ACMUI) has cited key reasons to exclude radiopharmaceutical extravasations which have been fundamentally true in the past, including: difficulty measuring and quantifying extravasation metrics, limited anticipated safety concerns from radiopharmaceuticals, and the perception that extravasations were essentially unavoidable.

Peer-reviewed studies have highlighted the prevalence of radiopharmaceutical extravasations and the importance of appropriate injection techniques to reduce their incidence (15–24). In addition, dosimetry studies have shown that the impact of radiopharmaceutical extravasations on radiation exposure to patients has potential to be significant, particularly in the case of therapeutic radiopharmaceuticals (25–30). While reporting requirements for radiopharmaceutical extravasations may be controversial at this time, the importance of prompt recognition and appropriate management of these events cannot be overstated. Improved injection techniques, prompt recognition through increased awareness, and improving documentation of extravasations can help minimize the potential risk of complications and radiation exposure to patients.




2. Mini-review literature summary

For this mini-review, PubMed was searched using the keywords and search terms highlighted in Table 1 with publication dates from the last twenty years (between 2003 and 2023). Initial search results yielded 512 publications, of which sixty-eight remained after removing duplicates and those articles not pertaining to radiopharmaceutical extravasations. Out of the sixty-eight publications, only two in the last twenty years were qualitative literature reviews assessing reporting prevalence of extravasation events in peer-reviewed publications. Most recently, van der Pol et al. published an extensive review of radiopharmaceutical extravasation literature and this review will not repeat that effort but will instead focus on highlighting recent trends and key gaps in research related to radiopharmaceutical extravasations (23). Figure 1 shows a word cloud rendering created from analysis of the frequency of words used in available reviewed publication abstracts providing a visual representation of common themes.


TABLE 1 PubMed keyword search (2003–2023).
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FIGURE 1
Word cloud image representing frequency of word use in abstracts of publications on radiopharmaceutical extravasation over the last twenty years.


Only eight (12%) of the studies reviewed sample sizes of 100 patients or more and many of the publications were simple case studies of single events being reported (n=24, 35%). Diagnostic studies made up the majority of reports (n=36, 53%) followed by radionuclide therapy observations (n=17, 25%) and finally studies including both occurrences (n=9, 13%). Across the peer-reviewed research studies, a total of 9,786 patients were included with a total of 784 patients with an extravasation event recorded. The calculated average rate was eight percent across this group of publications and matches well with previous literature reviews and review articles that reviewed historic publications outside the scope of this work. This shows good consistency across independent assessments for a standardized rate of extravasation within these patient populations.

The depth of information related to extravasation occurrence, prevalence, and impact remains severely limited, however, there is a clear trend in increasing numbers of publications. In the first ten years reviewed there were a total of sixteen publications on extravasations and fifty-two in the subsequent ten year period representing growth of 225%. This potentially correlates with increased awareness and interest in this topic. Of particular note is an increase in the number of literature reviews and analyses of larger patient populations which help to enable more global assessment of common extravasation issues (21,23). Increased reporting through publications from institutions is critical to understanding the true impact of extravasations for both diagnostic and therapeutic radiopharmaceuticals.

There is also a notable trend in the creation and validation of tools designed to assess dosimetry related to extravasation events. Six of the sixty-eight publications included methodologies or tools for assessment of radiation dose to the patient at the site of the event representing approximately 9% of publications. Prior to 2017, only one publication had assessed extravasation dosimetry with four new publications on this topic since 2020. This is a growing area of interest both for the purpose of confirming diagnostic injection safety but to also have defined methods and tools for assessment of therapeutic events when they occur (25,26,28,30,31).

Common themes were observed across the studies reviewed in this work, but these commonalities also lead to additional unresolved questions.

The three most common elements were:


	•Extravasations are a common clinical occurrence: The average rate of extravasation observed in this review was approximately eight percent. Using the European Medical Association definition for adverse effects, an occurrence of an event 1%–10% would be considered “common” (32,33). Assuming recent estimates for diagnostic nuclear imaging procedures is correct (13.5 million), then that indicates approximately one million patients per year may experience an extravasation event (34). This begs the question, “why is there a significant difference between reported infiltration rates for radiopharmaceutical injections (∼1%–8%) and chemotherapies (up to 6.5%), and why are reported rates far higher than those reported for modalities like CT and MRI (0.045%, 0.26%)? (13,16,18–20,24,35)”

	•Extravasations can have clinical impact: Both peer-reviewed and case study publications showed myriad examples of altered uptake and changes to quantitative results. Although most studies noted the importance of documenting a clinical occurrence of extravasation, there is no specific guidance related to when repeat imaging is necessary or at what level of extravasation negatively impacts diagnostic results or therapies. These are critical questions to prevent unnecessary repeat imaging or re-dosing of an individual.

	•Diagnostic radiopharmaceuticals do not appear to be of significant concern for radiation exposure: The majority of publications involving diagnostic radiopharmaceuticals did not examine dosimetry or long-term follow-up of patients post extravasation, however, one recent paper performed a retrospective review of extravasation events related to 99mTc-MDP reported via their standard clinical reporting mechanisms showing no significant trends of adverse events related to diagnostic nuclear medicine studies (21). Publications reviewed tend to note that diagnostic radiopharmaceuticals are not expected to result in significant radiation exposure to the patient. Three publications have reported radiation extravasation injury from 201Tl-thallous chloride and 131I-iodocholesterol injections, but both are now sparsely used radiopharmaceuticals and those publication dates were outside the dates examined as part of this mini-review (36–38). A small number of publications have recently examined absorbed doses from diagnostic radiopharmaceutical extravasations or created tools for such calculations which may help in improving standardization of methodology and increased reporting of dosimetry in future case studies (25,26,28,30,31).





3. Key gaps in current research

While an increase in publications over the last twenty years suggests an increase in awareness, many fundamental questions related to radiopharmaceutical extravasation events remain unanswered.


	1.Standardization of reporting: Standardized reporting methods for radiopharmaceutical extravasations do not exist, which makes it difficult to compare data across studies and accurately assess the prevalence and impact of these events. Guidance documents that mention extravasations often only indicate that the event should be noted or was present, however, even the most rigorous quantitative recommendations only additionally suggest attempting to quantify residual activity at the site (7,9). Little guidance is found in the literature regarding the most appropriate or recommended consistent methodology for determination of the residual activity at the injection site in the event of extravasation.

	2.Impact on patient outcomes: While studies have reported on the occurrence and prevalence of radiopharmaceutical extravasations, there is a lack of data on the true impact of these events on patient outcomes, such as changes in diagnosis or treatment plans in true clinical trials. Although it is generally accepted that extravasations of therapeutic radiopharmaceuticals can be of significant concern, little consideration is given to the various impacts that the extravasation of a diagnostic agent can have on changes to biodistribution or image quantification. This specific theme will require a greater number of independent publications with larger populations to truly determine the overall impact on image quality and quantification.

	3.Extravasation management: Limited validated information exists on the best management strategies for radiopharmaceutical extravasations and interested practitioners will find conflicting viewpoints on basic tenants such as the use of a warm or cold compress. A warm compress is typically used to disperse the drug to a larger area while cold compresses are used to reduce flow and limit the spread of the drug to the site of injection(39). Radiopharmaceuticals use a wide range of molecules and it is possible that the appropriate strategy may vary with the radiolabeled drug used during a study. No publications were found examining these possible differences nor are there any publications related to radiopharmaceutical extravasations that validate one extravasation resolution over another.

	4.Local Extravasation Dosimetry: Only seven studies out of the sixty-eight publications reviewed were related to calculation of dosimetry related to extravasations. Although it historically has been widely believed that diagnostic radiopharmaceutical extravasations would impart little dose to the injection site tissues, limited information is available from peer reviewed publications or clinical studies. No publications seem to exist that examine these effects in a prospective manner. Recently, new tools and assessment methodologies have been published or validated to aid in calculation of expected extravasation dosimetry and more work is needed to fully validate extravasation radiation exposure concerns for diagnostic and therapeutic radiopharmaceuticals (25,26,27,28,29,30,31). Although these recent works show absorbed doses can be higher than expected, there is little information on how those absorbed doses translate to equivalent doses at the injection site, which is the most important element for patient safety concerns.

	5.Thresholds for determination of critical events: Thresholds for critical events will vary depending on whether the radiopharmaceutical is diagnostic or therapeutic. Very little guidance can be found in literature related to parameters for when repeat imaging is necessary due to a compromised scan. In practice, this generally is at the discretion of the radiologist to determine whether the image quality is sufficient or compromised in such a way as to warrant repeat imaging (40). Several studies have looked at extravasation correction techniques or noted how extravasations impact the final reconstructed SUVs, however, none of these methods are currently used widely in the clinical setting and have not been fully vetted in robust trials (41,42). For radiotherapeutics, where imaging may not be standard practice, the assessment of whether to re-treat is based solely on post-therapy imaging where standard lesion progression methods are typically used. Although guidance from international organizations recommends dosimetry calculation for each patient, which would quickly show significant extravasation issues during post-therapy imaging, the practice is so limited in clinical use that guidance documents provide lookup tables for dose estimates that can be used for estimates without imaging (43). More robust guidelines and criteria for when to repeat molecular imaging studies or therapeutic injections are needed.





4. Conclusions

A review of literature from the last twenty years reveals an increase in publications related to radiopharmaceutical extravasations. This suggests growing awareness of these events and their potential impact on patient care for imaging and therapy studies. Even with this increased volume of publications, there is still severely limited information related to principles that practitioners can apply in the clinic to make diagnostic and therapeutic decisions for their patients when these events occur. More research is needed across a wider range of radiopharmaceuticals and patient populations worldwide to determine consensus practice suggestions and to determine true clinical impact on imaging studies that use radiopharmaceuticals.
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1. Introduction

On May 25, 2023, the Journal of Nuclear Medicine (JNM) published an article ahead-of-print entitled “Multicenter Evaluation of Frequency and Impact of Activity Infiltration in PET Imaging, Including Microscale Modeling of Skin-Absorbed Dose” (1). The paper reports a retrospective study of 1,000 oncology patients from nine positron emission tomography (PET) imaging centers and several smaller clinics. The paper also describes a skin dose calculation using Monte Carlo simulations based on one patient image. For this case, the paper reports that absorbed dose to the skin was approximately 12 mGy.

The paper concludes that the “risk of significant tissue injury from diagnostic PET agents appears negligible, as is consistent with both clinical experience and the literature.” It also asserts that a high level of quality exists in the administration of radiopharmaceuticals in PET practice.

There are, however, several problems with the work that raise questions about its conclusions. The methods are not well described, the results contain errors, and the peer-review process for this manuscript appears to have lacked rigor.



2. Methodology problems

For its Monte Carlo simulations, the paper describes an assumed distribution of radioactivity within tissue and skin. However, the distribution is not representative of paravenous extravasation and minimizes the biological effects to muscle.

Extravasated radioactivity is modeled as being contained wholly within the dermis and subcutaneous fat. This assumption is based on previous work involving an injection of dyed saline into porcine subcutaneous fat—an experiment which explicitly excluded muscle. The paper also references “…tumescent fluid injections into the subcutaneous tissue for purposes of local anesthesia are common for several dermatologic procedures, including liposuction, cutaneous surgery, and drug administration.” Subcutaneous administrations are very different than intravenous and are not an appropriate basis for model definition. Very low radiation doses to muscle are reported in Figures 3–5. These results are not explained, but because the underlying model for source activity distribution excludes activity within the muscle itself, absorbed dose may be grossly underestimated.

It is also unclear if the method of estimating initially extravasated radioactivity is appropriate. The paper describes “A measured activity of more than 370 kBq at the injection site, decay-corrected back to time of injection.” This calculation seems to neglect biological clearance and instead corrects for physical decay only. An effective half-life of 30 min is mentioned in later discussions of dosimetry methods, however when estimating the initial activity, the paper makes no mention of biological clearance. Correction of physical decay alone would understate initial activity by nearly 800% for a typical pre-image uptake time of 65 min. Underestimation of initial activity would equally understate reported values for absorbed dose.

The results of the dosimetry method are not compared to existing, widely accepted models, and descriptions of the method lack details needed to replicate the work. Dimensions are provided for volumes of interest, but there is no definition of the material composition or densities used. Furthermore, the text indicates that the cross-sectional dimensions used for Monte Carlo simulation were 36 mm by 21 mm, but Figure 1 states 46 mm by 31 mm. It is not clear which dimensions were actually used for simulation, but absorbed dose for the smaller volume would be nearly double that of the larger.

The paper also states that a total of 1,000 oncology PET studies were analyzed from a variety of imaging centers. These studies were assumed to “…represent the variety of injection skills and injection techniques typically used in the clinical PET environment.” The selection criteria for the imaging centers are not well described. Also, the paper does not provide a statistical justification for the sample size from each institution other than to say that data were from “consecutive patients who had the injection site in the field of view.” The paper does not discuss details such as the number of technologists or their levels of experience.

Figures 2 and 3 also contain discrepancies or values that conflict with the text. In Figure 2, the x-axis of subpart A is identified as net activity in kBq. However, the figure's caption states units of MBq. In Figure 3, the y-axis is labeled as representing absorbed dose for an example extravasation of 0.83 MBq. The caption, however, references a 0.41 MBq case. Extravasated activities of 0.41 MBq and 0.83 MBq correspond to two different patients presented, but it is unclear which patient is described by Figure 3.



3. Discussion

The paper's conclusions seem to start with an assumption that diagnostic radiopharmaceutical extravasations are not a concern, and they should be challenged given the methodology problems identified. The paper states that, “Using the data and assumptions from this work, the risk of significant tissue injury from diagnostic PET agents appears negligible, as is consistent with both clinical experience and the literature.”

The very low tissue doses reported reinforce the belief that injury is unlikely. However, these doses are understated because the model neglects self-dose to muscle and underestimates initially extravasated radioactivity. When an intravenous radiopharmaceutical is extravasated, it will not be confined within subdermal fat. The muscle tissue adjacent to the injection site is valid as both a source and target volume, but it is inappropriately ignored in the paper's dosimetry model. The paper did not provide evidence of validating its dosimetry model against existing published models.

Because the patient's skin is unlikely to be affected by activity near the extravasated vein, any effects to muscle tissue will likely be unnoticed and underdiagnosed by clinicians. Therefore, clinical experience and literature that has not appropriately evaluated underlying tissue injury should not be used to assert that injury from extravasation of diagnostic PET agents is negligible.

The paper also concludes that the rate of clinically meaningful extravasation (1% of injected activity) was between 0% and 0.37%. Inaccuracies in estimation of initially extravasated activity likely caused this rate to be understated. Considering the four cases of extravasation in Figure 2, proper application of biological clearance would cause all four to surpass the defined threshold. Four cases of meaningful extravasation (as opposed to the reported zero) would result in a rate of 0.4% with a 95% confidence interval of 0.11%–1.02%. Even if the extravasation rate reported in this paper were accepted and applied to the 30 million radiopharmaceutical administrations every year in the US (from approximately 20 million nuclear medicine procedures), then up to 111,000 patients may experience clinically meaningful extravasations. Large extravasations have been shown to cause tissue absorbed doses of several Gray (3–6), diminished diagnostic image quality (7–9), and reduced quantitative accuracy (10–12).

The paper also states that “…our data indicate a high level of quality in the administration of radiopharmaceuticals in PET practice.” It is important to note that the results apply only to those institutions, technologists, and PET procedures that were studied. The results from this paper only reflect what happened in these few centers during undefined observation periods and cannot be applied to the practice of nuclear medicine generally. For example, the paper has no description of the training and experience levels of participating technologists, and an unknown number of images with injection sites outside of the field of view were excluded from the study. Additionally, the paper estimates absorbed dose for a hypothetical “complete” extravasation of 470 MBq. It is unclear how this value was chosen, and it is not representative of the maximum injected activity for many nuclear medicine procedures in the US (2). Furthermore, this paper states that the study included no cases where intravenous access was through direct needle stick or butterfly catheter. However, many nuclear medicine centers do continue to use direct needle sticks and butterfly catheters for venous access.

Regarding large extravasations, the paper remarks that, “Instances have clearly been reported in the PET literature…and the field at large must be vigilant.” This is an important point. Neither providers nor patients should worry about extravasations that involve insignificant radioactivity. However, for large extravasations, appropriate steps should be taken to characterize, minimize, and document the event. This paper used 1% of the injected activity as a threshold for clinical meaningfulness. However, tissue absorbed dose is a more appropriate metric for radiation protection of patients. The US Nuclear Regulatory Commission (NRC) has codified radiation exposure levels of concern in 10 CFR Part 35.3045 for medical patients if radioactive material is administered improperly or differently from that which was intended or prescribed. Those criteria include a radiation dose that exceeds 0.05 Sv (5 rem) effective dose equivalent, 0.5 Sv (50 rem) to an organ or tissue, or 0.5 Sv (50 rem) shallow dose equivalent to the skin. For low LET radiation, 0.5 Sv is approximately the same as 0.5 Gy (500 mGy). NRC acknowledges that a radiation dose at or even above these levels may not necessarily result in physical harm to the patient, but rather instances of unintended dose to an organ or tissue may indicate a problem in the medical facility's practice or procedures. Routinely exceeding the 500 mGy threshold should act as an early indicator of increased risk.

Rigorous peer-review would typically address many of the shortcomings and errors identified in this paper. However, this paper seems to have been afforded an unusually accelerated peer-review process. The manuscript was submitted on April 18, 2023, underwent peer-review, and was accepted without revision 8 days later. Examination of other research articles published by the Journal of Nuclear Medicine (JNM) within the past six months reveals that the average time between manuscript submission and acceptance is 142 days (N = 106, 95% CI: 132–153 days). The likelihood that this paper experienced JNM's normal review and revision process is low (p = 0.0072). An eight-day review time is even less than the average for invited perspectives (M = 60 days, N = 19, 95% CI: 33–86 days), which are expected to undergo less critical scrutiny.

Only one other recently published JNM article was found to have had unusually accelerated peer-review (12 days): “Adverse Clinical Events at the Injection Site Are Exceedingly Rare After Reported Radiopharmaceutical Extravasation in Patients Undergoing 99mTc-MDP Whole-Body Bone Scintigraphy: A 12-Year Experience” by Parihar, et al. (13). This study evaluated written radiology reports, rather than injection site images, to calculate and report an exceptionally low extravasation rate. The study also reviewed medical records to assess harm, which are unlikely to accurately reflect incidence or causality. An absence of confirmation does not confirm an absence.

It is noteworthy that the JNM is “self-published by the Society of Nuclear Medicine and Molecular Imaging (SNMMI).” The SNMMI has publicly opposed characterizing and reporting extravasations using arguments that are not supported by science or clinical evidence. The papers by Parihar et al., and Sunderland et al., are the only two papers on the topic of extravasation published by the JNM over the last several years and the only two found to have undergone accelerated review. Additionally, on March 2, 2023, an SNMMI leader and member of numerous committees posted on the “SNMMI Connect” members’ forum that the work by Sunderland et al., “was fostered by the SNMMI”. The combination of undisclosed relationships and selective acceleration of the peer-review process results in a diminished likelihood of objective scientific scrutiny and suggests the SNMMI may be unduly influencing JNM editorial staff to support their public position on rulemaking.
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Extravasation, as distinct from infiltration, is when a potentially toxic agent (e.g., radiographic contrast, chemotherapy, anesthesia or radionuclide) is unintentionally administered to the surrounding tissue instead of directly into the vein. There is an expectation for vascular access in interventional medicine across nearly all specialties that this high frequency, study/treatment critical procedure needs to occur with rare failure and that this failure rate should be characterized in quality assurance. This opinion piece, written by a family practitioner who has served as the chief medical officer for a not-for-profit payer, reflects on our responsibility to be aware as clinicians of known potential harm and disclose to patients before a risk has occurred and if harm has occurred. In this paper, clinical obligations of reporting will be reviewed, which are necessary to maintain and enhance our trust with our patients. In the second half, the perspectives of a not-for-profit payer chief medical officer will be considered.
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Introduction


	Our prime purpose in this life is to help others.
And if you can't help them, at least don't hurt them.
Dalai Lama



The last several decades have seen a new and historic ability to identify abnormal vascular and tissue patterns with a variety of infusions, including radionuclides, which have advanced important diagnostic and treatment opportunities. On occasion, infusion does not go as planned. Extravasation occurs when potentially dangerous fluids are not infused into the intended intravenous environment, either because the intended intravascular cannula wholly missed the vessel, went through it, or once properly placed has been removed from the vessel by inadvertent movement. Adjunctive maneuvers during placement, like blood flash-back, easy flushing, ultrasound, and others, individually or in combination are simple, generally inexpensive and well-established diligent vascular access techniques to confirm proper placement. There has been wide variation of rates reported for extravasation, with a variety of harm ranging from the patient being unaware to tissue radionecrosis (1, 2). We applaud the work of members of the American College of Radiology who have established the National Radiology Data Registry to document and optimize successful vascular access for contrast studies using computed tomography (3–5). I suggest that patients will similarly benefit if extravasation of radionuclide is subjected to a similar intent to identify, remediate the individual event, and to implement process changes including education to reduce the rate of radionuclide infusion.



Discussion

In this opinion piece, I will discuss the surprising debate about extravasation of radionuclide, whether to detect or not, whether to tell the patient before or after, and if to bill third party payers. In the past 3 decades, as quality assurance has grown in systematic capability in Medicine and as the patient safety movement has tangibly improved the care environment, it is predictable that early adopter specialties/disciplines would lead late adopters. Extravasation as a medical misadventure has now been mitigated by processes and education in most of medicine and and now extravasation reduction needs to be a more uniform expectation.


Extravasation and the patient physician relationship

First, let me recall a personal experience from my work at the “wet bench.”


In St. Louis, reagents were often expensive, some were carcinogenic or otherwise dangerous. Each technician who was going to be handling radioactive reagents completed a standard training during which “There is no safe level of radiation” was emphasized. Periodically across 30 labs on the same floor, there would be a radioactive reagent droplet contamination and we would follow rigorous decontamination process, including Nuclear Regulatory Commission defined documentation, including assessments before and after decontamination complete with Geiger counter readings. All radioactive waste was disposed to red plastic radioactive hazardous material containers, that would be uniquely handled and removed to the special trash truck for disposal to a special and expensive site. In the lab, full compliance was expected under the risk of employment separation and civil penalties for the organization.



In clinical environments, medical physicists use complex dosimetry to calculate the exact dose of infused radionuclide to known digits of significance for the route of administration (6, 7). The physicist seeks to provide an effective diagnostic or generally larger treatment dose of whole body distributed radionuclide, specific to a successful infusion through a specific site, while also minimizing harm. This precisely calculated radionuclide is transported from production to the bedside in a lead pig (a lead container used to shield against radiation), to protect the technician and other staff. If this agent is spilled, rigorous procedures are required to decontaminate and to document remediation. At the patient bedside, we generally place an intravenous catheter. Most times, but not always, the radionuclide is successfully administered. However, we do not routinely effectively monitor to see if an extravasation has occurred that would defeat the exacting efforts of the nuclear medicine team to deliver the intended dose as prescribed. The careful dose calculation, the careful physical movement of radionuclide are juxtaposed to the paradoxical non-assessment of whether the infusion was or was not successful.

An all-too-common circumstance: A senior patient presents in presumed cancer remission. The patient has non-descript back pain. A technetium bone scan is negative. After months of persisting pain, a repeat bone scan is completed and ultimately identifies a lesion at the site of pain.

In these circumstances which have happened too frequently in my career, was the initial bone scan technically flawless and the study authoritatively identified the absence of metastatic disease? Or had the initial study suffered from unidentified extravasation reducing the potential signal of a metastatic lytic lesion? These patients often don't report more than irritating discomfort at the injection site. Physicians will recognize among technicians that some technicians will have greater or lesser confidence in their individual ability to place an intravenous cannula. If we study the infusion site, we can know immediately if the radionuclide is distributed. Without this injection site surveillance, the treating physician does not know, the radiologist does not know, and the patient does not know, if extravasation did or did not happen. Even without knowing this, a bill is virtually always sent to the insurer.

Reflecting on this case and several others I wonder how many studies with unrecognized extravasation miss a subtle emerging finding (8)? What is our responsibility to look for and characterize the extravasation and report it to patients and the clinical team when it has happened to know how it may alter diagnosis and treatment? If we identified extravasation, would we enroll these patients in a patient safety organization registry to be followed for the long term? Would we repeat the study to assure the best opportunity of diagnosis or treatment? If an extravasation occurs, should the patient and the insurer be charged?


What are the clinical obligations to patients?

Fiduciary (Trust) responsibility of the patient—physician relationship (9):


The Fiduciary Principle




The doctor–patient relationship is spoken of sacredly as a fiduciary relationship, a relationship based on trust. That trust must be earned, at the least by the hard work required to acquire the skills necessary to apply the art. But it must also be earned by the consistent application of attentive response to the patient's needs, what we call “responsibility”. Unlike law or business, where the trustee may act for the client, in medicine the physician must act with the patient and with the patient’s consent, implying a partnership. That action may be paternalistic, but if that concern verges on control, the modern patient may well lose trust and confidence.



Once the clinician believes that an intervention like radionuclide study is of greater benefit than burden, when is it desirable to inform a patient of the likely benefits and any potential risk so that the patient can provide authentic informed consent (10)? For the patient to be fully informed, the physician would share the likelihood of incomplete intervention, and the likelihood of harm, and describe what we do to avoid both. This potential harm would be assessed by each individual patient in the context of their belief systems and lived experience. Is our duty to informed consent satisfied when this known detail is not shared with patients, presuming they wish to know? How do we make a diligent opinion about a finding or treatment response if we do not know if extravasation occurred? If we know that an extravasation has occurred, we can mitigate the exposure, inform the patient, enroll them in a registry and we can assess the technician's training, remediating where indicated. If we do not systematically surveil for this success factor, how can we systematically reduce the risk of extravasation? Does the patient have a right to know these vulnerabilities if the medical service chooses not to surveil for extravasation?



When harm is potential but is not assessed, when underdiagnosis is possible but is not disclosed, is physician fiduciary obligation (patient trust) met?

Extravasation occurs between 1% and just less than 30% of the time (11). The Nuclear Regulatory Commission believes that there are about 11,000 infusions daily (261 weekdays annually) with “extensive extravasation”, 1% resulting in something less than 30,000 cases of extravasation per year (5). Many of these may result in surpassing the 0.5 Sievert threshold required for reporting, given “worst case” estimations of local tissue exposure when extravasation occurs (12). Given that, shouldn't each patient undergoing a radionuclide study be told about the benefits of a successful radionuclide infusion, along with the known local rate of ineffective vascular access, with or without harmful outcomes, if informed consent is authentically the goal?



When harm is known, is there an obligation to report to the patient, to avoid withholding information or mis-informing?1


The doctor-patient relationship is fiduciary in nature, meaning that it is based on the patient's trust or confidence in the doctor. Once established, this relationship creates certain obligations or duties that the doctor owes the patient. One of the basic duties of physicians is to tell patients the truth about their diseases or conditions. Exceptions are allowed in certain circumstances if knowing the truth might be medically harmful to the patient. There are no exceptions, however, to the obligation to reveal the nature of adverse outcomes. Patients are absolutely entitled to a frank disclosure of the facts concerning their cases, especially when the results are adverse. Failure to provide a forthright account of the events, either by withholding information or by providing misleading information, is known as fraudulent concealment. This creates new and serious complications for the physician that are separate and distinct from the initial complication.



Physician non-disclosure to the patient of adverse reactions or outcomes, including not disclosing that the care team could know but did not assess for known adverse outcomes, may not earn the trust of, nor fulfill the fiduciary duty to, patients (13). When non-disclosure is evident to the patient, it may feel like betrayal, leaving the patient unable to invest trust in the current team and by projection to other current or future medical professionals. When non-disclosure happens, in the best of circumstances, the next hard recommendation from the physician to the patient will be clouded by the uncomfortable uncertainty of “Would they tell me if they knew?” The AMA speaks directly to this circumstance in the Code of Ethics, 2.1.32:


Truthful and open communication between physician and patient is essential for trust in the relationship and for respect for autonomy. Withholding pertinent medical information from patients in the belief that disclosure is medically contraindicated creates a conflict between the physician's obligations to promote patient welfare and to respect patient autonomy.



In addition to duty to each individual patient, active assessment for extravasation and registration where extravasation has occurred could lead to systematic process improvements resulting in extravasation reductions like have been seen in the laudable efforts around Contrast CT (14).

The Patient Safety movement in the United States, including at the University of Michigan, Institute for Healthcare Improvement Lucian Leape Institute, and others, has recommended a clinical culture of non-punitive reporting (15). In these environments, safety issues are ideally reviewed by Patient Safety Organizations which are explicitly designed to disclose details of unsuccessful care to the patient and to review internally without legal discovery, for the purpose of optimal process correction. These protections have been patterned after improvement efforts in industry where non-punitive reporting results in faster improvement in safety and quality.

Finally, the question of radionuclide extravasation needs to be solved in a framework of national policy decision making that involves physicians, nuclear physicists, and staff who administer the reagents. Some will rightly say that radionuclide extravasations, especially diagnostic, are low volume exposures that happen for only a minority of patients, resulting in uncommonly observed harm, and whose monitoring would require incrementally costly administrative steps. When we choose not to assess for extravasation when there is a known, if low, procedure failure rate and consequent diagnostic/treatment imprecision if not harm, and we choose as a matter of policy to not fully inform the patient, when are these same rationales to be used in other areas of clinical service with our neighbors, our families, ourselves? It is not just the choices we are making with not monitoring and reporting radionuclide extravasation; it is that physician and other clinician medical decision making should vigilantly defend the patient's full understanding of what worked and what did not and that we sacredly do what is best for them, including diligently reducing harm.




Extravasation and the provider payer relationship

What is the perspective on extravasation of a payer chief medical officer?

Too often, an understandable if unproductive cynicism exists between provider system care teams and those that make payment. Earnest, diligent work is required of both provider and payer to protect patients from medical misadventure and indeed the toxicity of unnecessary cost. When either provider or payer underperforms this responsibility, people are harmed.

From the perspective of at least this chief medical officer who previously co-owned a clinic with partners for over 16 years, I appreciate the effort and complexity of delivering safe care. This takes the form of non-punitive reporting of opportunities, the redesign of the care environment with safety tools (checklists, pause before surgery), quality committees and other activities. Those who steward this safe, reliable value stream deserve and require sufficient resources in current environments where there is competition for resources, financial constraints, and revenue-cycle focus.

The purchaser of any product expects that the product will do what is described and clearly will not harm the consumer. In the complexity of health care, there are occasionally unintended outcomes, at times without harm and at other times, with harm. In order to fulfil the fiduciary obligation and earn and defend patient trust, if unintended outcomes occur, the product/service provider needs to notify the patient and mitigate any harm where possible. Sometimes this is as simple as acknowledging a mistake and describing action to have it not repeatedly happen to others in the future. Sometimes, this is litigated to test if the care received was the standard of care for a community. Several important efforts have been undertaken nationally around I'm Sorry legislation3 which has reduced litigation, while appearing to allow systems to more quickly engage and more fully focus on harm reduction. Let's also not forget that when the patient is harmed, the care team is very often harmed too, knowing that they did not achieve their best for the patient they care for. Worsened by the challenges of COVID-19, a sense of failure resulting from suboptimal outcome if unaddressed can lead to a more pervasive sense of clinician powerlessness and despair further contributing to poor outcome, burnout or worse.

The public knows that error will happen even with the greatest diligence, but avoiding learning from that error is not likely to be forgiven by patients, juries, administrative judges, or serious CMOs. If the patient who is harmed is not the ultimate payer for the service, the purchaser paying for the product is focused on the financial remedy for harm, express or implied warrantee, and demonstration that the provider is monitoring to achieve patient safety. Inclusion in a network infers by ostensible agency that the payer believes the provider practices care that is necessary, appropriate, safe and reliable for plan members. If this is not true, or the provider is not engaging in continuous improvement, or is avoiding full informed consent, or declines to disclose harm to the patient, the payer is responsible to review, to initiate a conversation with providers about the harm, and if necessary to exclude from a network. Intravenous vascular access occurs thousands of times per hour in America, and rigorous quality assurance programs are common for these maneuvers. Even in skilled hands with special tools, extravasation will occur in this very high volume procedure with a low but regular rate. Where nuclear medicine is often dependent on vascular access, applying programs to train to avoid extravasation and programs to monitor for its occurrence only seems prudent.

Payers pay every day for care provided in desperate circumstances with sometimes poor outcomes, acknowledging there is shared risk in the attempt of an urgent complex care event with sometimes catastrophic risks. However, in discrete controlled elective care environments, error is expected to be dramatically low, and when unsatisfactory delivery has occurred, payment for a technically incomplete procedure should not be requested, nor should it be paid. When extravasation rates are low, non-payment would only happen commensurate with the rate of extravasation. Said another way, non-payment would only be significant where extravasation rates were high. Such a policy would encourage clinical mastery, encourage quality improvement, and earn patient/employer/payer confidence, as well as clinician confidence.

When a procedure is susceptible to error, assessment for absence of error seems prudent. If error is known, confidence is earned if this poor outcome is disclosed to the patient and to the payer, and if the care team is encouraged to engage process improvement.

Beyond the legal concerns to payers, the annual economic impact in the United States of 30,000 extensive extravasations with incompletely documented toxicities, and uncertain loss of diagnostic insight, and therapeutic undertreatment at even $20,000 of cost per case is billions of dollars over 10 years (used in federal budgeting) and a self-inflicted loss of patient confidence (5). In studies undertaken in all-payer claims data bases, a reasonable estimate of the economic costs might include:


	(1)Costs of repeating the procedure/treatment

	(2)Costs of mitigating harm, immediate and delayed diagnosis of damage to local tissue

	(3)Costs of delayed diagnosis, assuming that one event in 20–50 leads to catastrophic later stage treatment.






Conclusions

Clinical, ethical, legal and financial imperatives invite American medicine to make ubiquitous vascular access optimally reliable and safe. Where it is not looked for, it appears that extravasation in nuclear medicine can result in potential nosocomial harm, incomplete documentation of adverse events, incomplete information to patients, uneven skill for health care system vascular access services, uncertain delay in diagnosis or treatment for patients, and harm to the care team when clinicians witness avoidable harm that is not avoided. We urge that all care environments continue vigilance around vascular access and that The Joint Commission and the Nuclear Regulatory Commission continue to challenge us to perform to our best potential. If spills of radionuclides in the wet lab environment are worthy of significant decontamination effort and documentation monitoring for extravasation (a “spill” into tissue) and maintenance of a patient registry seems advised. Any costs of repeated studies, harm, or delayed diagnosis or treatment is eclipsed by the loss of confidence and trust that will predictably result if we do not act in the best interest of the patient.

Finally, a personal note. Thank you to clinical care teams who help our families. If such a risk as radionuclide extravasation exists in the care of me or my family, you may surface concerns I hadn't thought of, and I may momentarily hesitate to proceed, but I will be comforted to know that your professional team has committed to having me and my family understand and authentically choose what we wish to do. And when I have another clinically difficult circumstance, I will be able to return to your advice knowing that you will be forthright with me.

In advance, thank you for being patient to hear my concern.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

TB: Conceptualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

I'd like to thank R Gilbert Jost, MD and Ronald G Evans, MD, at the Mallinckrodt Institute for requiring that I understand the role of imaging in sustaining patient trust, and Mark E Frisse, MD for emphasizing the role of medical decision making in arriving at a decision worthy of patient trust, and Richard H Stanley and Deanna I Koch, RN who taught me that we owe one another our best efforts.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	1. Al-Benna S, O’Boyle C, Holley J. Extravasation injuries in adults. ISRN Dermatol. (2013) 2013:856541. doi: 10.1155/2013/856541
	2. van der Pol J, Voo S, Bucerius J, Mottaghy FM. Consequences of radiopharmaceutical extravasation and therapeutic interventions: a systematic review. Eur J Nucl Med Mol Imaging. (2017) 44(7):1234–43. doi: 10.1007/s00259-017-3675-7
	3. Dykes TM, Bhargavan-Chatfield M, Dyer RB. Intravenous contrast extravasation during CT: a national data registry and practice quality improvement initiative. J Am Coll Radiol. (2015) 12(2):183–91. doi: 10.1016/j.jacr.2014.07.021
	4. Boschi R, Rostagno E. Extravasation of antineoplastic agents: prevention and treatments. Pediatr Rep. (2012) 4(3):e28. doi: 10.4081/pr.2012.e28
	5. NRC. SECY-22-0043: petition for rulemaking and rulemaking plan on reporting nuclear medicine injection extravasations as medical events. (2022).
	6. Emami B, Purdy JA, Manolis J, Barest G, Cheng E, Coia L, et al. Three-dimensional treatment planning for lung cancer. Int J Radiat Oncol Biol Phys. (1991) 21(1):217–27. doi: 10.1016/0360-3016(91)90180-C
	7. Lawhn-Heath C, Hope TA, Martinez J, Fung EK, Shin J, Seo Y, et al. Dosimetry in radionuclide therapy: the clinical role of measuring radiation dose. Lancet Oncol. (2022) 23(2):e75–87. doi: 10.1016/S1470-2045(21)00657-4
	8. Osborne D, Kiser JW, Knowland J, Townsend D, Fisher DR. Patient-specific extravasation dosimetry using uptake probe measurements. Health Phys. (2021) 120(3):339–43. doi: 10.1097/HP.0000000000001375
	9. Miller MN, Dyer AR. Ethics and psychiatry. In: Smelser NJ, Baltes PB, editors. International encyclopedia of the social & behavioral sciences. Oxford: Pergamon (2001). p. 4774–9.
	10. Etchells E, Sharpe G, Walsh P, Williams JR, Singer PA. Bioethics for clinicians: 1. Consent. CMAJ. (1996) 155(2):177–80.8800075
	11. Hall N, Zhang J, Reid R, Hurley D, Knopp M. Impact of FDG extravasation on SUV measurements in clinical PET/CT. Should we routinely scan the injection site? J Nucl Med. (2006) 47(Suppl 1):115P.
	12. US Nuclear Regulatory Commission. Official Transcript of Proceedings—Meeting of the Advisory Committee on the Medical Uses of Isotopes. (2021).
	13. Lambert BL, Centomani NM, Smith KM, Helmchen LA, Bhaumik DK, Jalundhwala YJ, et al. The “seven pillars” response to patient safety incidents: effects on medical liability processes and outcomes. Health Serv Res. (2016) 51(Suppl 3):2491–515. doi: 10.1111/1475-6773.12548
	14. Wong TZ, Benefield T, Masters S, Kiser JW, Crowley J, Osborne D, et al. Quality improvement initiatives to assess and improve PET/CT injection infiltration rates at multiple centers. J Nucl Med Technol. (2019) 47(4):326–31. doi: 10.2967/jnmt.119.228098
	15. Mello MM, Boothman RC, McDonald T, Driver J, Lembitz A, Bouwmeester D, et al. Communication-and-resolution programs: the challenges and lessons learned from six early adopters. Health Aff (Millwood). (2014) 33(1):20–9. doi: 10.1377/hlthaff.2013.0828




1https://www.sciencedirect.com/science/article/pii/B9781416022152502465

2https://code-medical-ethics.ama-assn.org/sites/default/files/2022-08/2.1.3.pdf

3https://www.theclm.org/Magazine/articles/apology-laws-medical-malpractice/2172











	
	TYPE Hypothesis and Theory

PUBLISHED 13 October 2023
DOI 10.3389/fnume.2023.1244660






[image: image2]

Radiopharmaceutical administration practices—Are they best practice?

Stephen Harris1, James R. Crowley2 and Nancy Warden1*

1Vascular Wellness Management Solutions, Cary, NC, United States

2Department of Molecular Imaging, Carilion Clinic, Roanoke, VA, United States

EDITED BY
David Townsend, National University of Singapore, Singapore

REVIEWED BY
Jon Bell, Mount Desert Island Hospital, United States
Nikolaos Papathanasiou, General University Hospital of Patras, Greece

*CORRESPONDENCE Nancy Warden nwarden@vascularwellness.com

RECEIVED 22 June 2023
ACCEPTED 28 September 2023
PUBLISHED 13 October 2023

CITATION Harris S, Crowley JR and Warden N (2023) Radiopharmaceutical administration practices—Are they best practice?.
Front. Nucl. Med. 3:1244660.
doi: 10.3389/fnume.2023.1244660

COPYRIGHT © 2023 Harris, Crowley and Warden. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: The nuclear medicine community has stated that they are using best practices to gain venous access and administer radiopharmaceuticals, and therefore do not contribute to extravasations. We tested this hypothesis qualitatively and quantitatively by evaluating four different perspectives of current radiopharmaceutical administration practices: (1) clinical observations of nuclear medicine technologists on the job, (2) quality improvement (QI) projects, (3) a high-level survey of current practices in 10 acute care hospitals, (4) intravenous (IV) access site data for 29,343 procedures. These four areas were compared to the gold standard of pharmaceutical administration techniques.



Results: From clinical observations of radiopharmaceutical administrations in adult populations, technologists extensively used 24-gauge peripheral intravenous catheters (PIVCs) and butterfly needles. They also performed direct puncture (straight stick). Technologists predominantly chose veins in areas of flexion (hand, wrist, and antecubital fossa), rather than forearm vessels for IV access placement; in many circumstances, antecubital fossa vessels are chosen first, often without prior assessment for other suitable vessels. For selecting the injection vein, technologists sometimes used infrared vein finders but primarily performed blind sticks. Review of QI projects suggested that smaller gauge needles were contributing factors to extravasations. Additionally, the review of surveys from 10 hospitals revealed an absence of formalized protocols, training, knowledge, and skills necessary to ensure the safety/patency of IV devices prior to the administration of radiopharmaceuticals. Finally, findings from a review of IV access data for 29,343 procedures supported the observations described above.



Conclusions: We expect that nuclear medicine technologists have the best intentions when providing patient care, but many do not follow venous access best practices; they lack formal protocols, have not received the latest comprehensive training, and do not use the best placement tools and monitoring equipment. Thus, the presumption that most nuclear medicine technologists use best practices may not be accurate. In order to improve radiopharmaceutical administration and patient care, the nuclear medicine community should update technical standards to address the most recent peripheral IV access and administration best practices, provide technologists with vascular visualization tools and the proper training, develop and require annual vascular access competency, and provide active monitoring with center and patient-specific data to create ongoing feedback.
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Introduction

In 2011, the American College of Radiology (ACR) and the Society of Nuclear Medicine (SNM) issued a Technical Standard for Diagnostic Procedures Using Radiopharmaceuticals1. While the Technical Standard does not specify the technique for vascular access during the administration, it does state the route of the administration must be verified prior to the administration of the radiopharmaceutical and that the amount of radioactivity and the route of administration must be recorded. Furthermore, the Technical Standard clearly states that there must be policies and procedures to ensure “…the radiopharmaceutical, the administered activity, and the route of administration are correct”. Additionally, because of the potential effects of ionizing radiation, the Technical Standard focuses on patient safety and the staff's responsibility to adhere to ALARA (as low as reasonably achievable) principles to minimize radiation exposure to patients. The Technical Standard was created because the proper administration of a diagnostic radiopharmaceutical is essential for radiation safety and nuclear medicine image quality and quantification.

An extravasation is the erroneous delivery of radiopharmaceutical into a patient's tissue instead of the venous system as intended. A diagnostic extravasation can compromise the quality and quantification of images, and thus sometimes the patient's ensuing care (1–6). It may also lead to unnecessary additional radiation doses for repeat imaging studies. Diagnostic extravasations can result in high absorbed dose to tissue (7), and there have been documented cases of deterministic effects (8).

Proper administration of a therapeutic radiopharmaceutical helps ensure the radiopharmaceutical reaches the target as prescribed. With the rapidly increasing use of radiotherapeutic applications, understanding and preventing extravasations have become increasingly critical. The higher radiation doses associated with therapeutic applications can lead to severe deterministic effects, posing potential harm to patients (8–10). While there is limited information available on diagnostic extravasations and their rates, literature on therapeutic extravasations remains even more limited. To the best of the authors' knowledge, no comprehensive studies specifically address radiotherapeutic extravasation rates.

Extravasations can result from issues associated with venous access and delivery of radiopharmaceuticals. Venous access can cause extravasations when inappropriate tools and/or lack of proper techniques create an unintended hole in the vein or result in missing the vein completely. Delivery can cause extravasations when catheter movements erode or puncture the vein or injection techniques “blow” the vein (high delivery pressure caused by small internal catheter diameter combined with rapid injection).

Over the past decade, nine studies from 13 centers have indicated that approximately 15% of radiopharmaceutical administrations are extravasated (11–17). While a recent single-center study reported an extravasation rate of less than 1%, this study did not calculate the true extravasation rate (18). Rather than using confirmed extravasations from a retrospective review of imaged injection sites or prospective monitoring, this study only captured extravasations that were noted in radiology reports, which grossly underestimates the true extravasation rate.

In areas of medicine using similar intravenous (IV) practices, the extravasation rate is significantly lower than in nuclear medicine. In a national benchmarking study of the chemotherapy extravasation rate, 739,832 patients were assessed. The extravasation rate was 0.09% (19). In 2015, a National Data Registry and Practice Quality Improvement Initiative involving 454,497 administration of non-ionic iodinated contrast medium found an extravasation rate of 0.24% (20). A single-center study conducted between 2008 and 2013 reported a combined 0.11% (541/502,391) extravasation rate for CT (0.13%) and MRI (0.06%) (21).

Concerted efforts to continually improve administrations resulted in lower extravasation rates than in nuclear medicine. It is likely these efforts exist because chemotherapy or CT extravasations are highly observable. Chemotherapy and CT contrast agent delivery typically involves large injection volumes and therefore extravasations can readily be seen due to changes in the overlying skin near the injection site. When these extravasations occur, patients see that the administration went wrong. In these cases, patients are typically informed they were extravasated, instructed on follow-up and monitoring of the extravasation site, the incident is documented in medical records, and these extravasations are often reported to the Chief Medical Officer as part of hospital reporting.

Radiopharmaceutical extravasations often go undetected by patients, technologists, and nuclear medicine physicians. Nuclear medicine procedures usually use small injection volumes of non-vesicant radiopharmaceuticals that do not cause immediate, visible changes to the overlying skin near the injection site, so neither the technologist nor patients is aware of an extravasation. And because there is typically no burning sensation with many of the pharmaceuticals used in nuclear medicine procedures, patients rarely know they have been extravasated. Nuclear medicine physicians are also often unaware of extravasations because during their clinical interpretation of the images, the injection sites are often outside of the imaging field of view (FOV). Furthermore, we are unaware of reporting systems even on a local level to encourage quality improvement. Without awareness, there is no incentive to address extravasations.

When extravasations are visible in images, there is evidence that they are rarely noted in the radiology report (22, 23). Furthermore, if an extravasation has been seen and noted in the radiology report, the information is rarely shared outside the department (24) or to a regulatory agency. Only 21 extravasations were documented in the FDA's adverse event system between the years 1968 and 2019 (25) and none are included in the US Nuclear Regulatory Commission (NRC) database of medical events. Additionally, none of the major accreditation organizations (e.g., The Joint Commission or Intersocietal Accreditation Commission) audit the quality of radiopharmaceutical administrations during accreditation processes.

While the NRC regulates the use of radiopharmaceuticals to protect patients from inadvertent radiation exposure, they do not require extravasation reporting. In May 1980, the NRC established misadministration reporting regulations to reduce inadvertent radiation exposure to patients, but exempted extravasations from event reporting based on belief that extravasations were “virtually impossible to avoid” (26). The extremely low extravasation rates in other IV administrations suggest the exemption is incorrect. In 2020, a petition for rulemaking was submitted to the NRC that challenged the exemption for reporting extravasations. In this process, NRC solicited public comments. Medical societies, leading members of the nuclear medicine and radiology communities, and individual technologists submitted 396 written or oral comments to the NRC2.

A common theme throughout the 396 comments was that technologists followed “best practices to achieve the highest quality of administration; therefore, RPE [radiopharmaceutical extravasation] rates cannot be improved”. Some examples of these public comments include: “If you are already using best practice then what can you do to correct the issue? Sometimes veins go bad”; “Radiology residents are well-trained on IV quality practices and extravasation concerns in general. [Extravasations] are already addressed through institutional processes, standards and best practices, technologist/personnel IV competency evaluation, and other quality assurance methods”; “The techniques employed are taught routinely in technology and nursing programs and used by any nuclear medicine technologist hundreds of times per year. Registered technologists undergo specific training and monitoring of their administration techniques, which are universal”.

For this work, experts from nuclear medicine and vascular access evaluated the claimed “best practices” using qualitative and quantitative methods and compared them to currently acceptable practices for intravenous therapies/procedures3.



Methods

Ethics approval is not applicable for the described methods in this manuscript. Data reviewed included observations of nuclear medicine technologists' techniques, findings from previously published Quality Improvement projects that did not require ethics approval, a survey of procedures and protocols in 10 acute care hospitals, and a database review that does not include protected health information.


Clinical observations

With over 48 combined years of experience, the authors have qualitatively observed/supervised hundreds of nuclear medicine technologists performing radiopharmaceutical administrations (e.g., site selection, vascular access, delivery, and post-procedure care).



Quality improvement (QI) projects

Radiopharmaceutical administration QI projects used the Define, Measure, Analyze, Improve, and Control (DMAIC) methodology—a data driven approach to improve process effectiveness. The DMAIC methodology provides insight into factors that lead to radiopharmaceutical extravasations as well as proven interventions that lead to sustainable reduction in extravasation rates.

The authors have experience in leading and participating in four different radiopharmaceutical administration QI projects (27, 28).



A high-level survey

Ten technologists from ten nuclear medicine departments were surveyed on current practices in vascular access and administration of radiopharmaceuticals.

The survey included several multiple-choice questions and one open-ended question (Table 1) to provide a high-level qualitative overview of nuclear medicine department procedures and processes.


TABLE 1 Current practices in vascular access and administration of radiopharmaceuticals.

[image: A survey results table for nuclear medicine technologists covers questions about IV access experience, training, facility practices, and response to radiopharmaceutical extravasation. It includes options for each question, percentage responses, and total counts next to each option, highlighting professional practices and attitudes towards IV administration and safety protocols.]

The surveyed hospitals ranged in size from 61 to 1,032 beds. 5,495 hospital beds were represented in total, and the average size was 549 beds. The hospitals were located in the Midwest, Southeast, Northeast, and West to ensure a sample of hospitals across the United States.



Database review

A database with information on 29,343 radiopharmaceutical administrations was searched to help characterize current radiopharmaceutical administration techniques. Searches included keywords such as “technique”, “needle”, and “location”. Key data, such as the number of procedures, IV site distribution, and needle gauge usage were extracted and analyzed using pivot tables to generate our findings.



Gold standard of infusion techniques

Infusion Therapy Standards of Practice (8th edition) (the Standards) was referenced as the gold standard of infusion techniques. The Standards provide guidelines and clinical practice recommendations based on the most current evidence available. Standards are declarative statements, an expectation of the profession by which the quality of practice, service, or education is judged. They describe the action needed to provide competent care. The eleven highly credentialed vascular access committee members responsible for reviewing the Standards consulted over 2,500 literature sources to compile this edition. The final document was also peer-reviewed by a panel of 118 individuals from 17 countries and diverse health care specialties.




Results


Clinical observations

From clinical observations of radiopharmaceutical administrations in adult populations, technologists extensively used 24-gauge PIVCs and butterfly needles. They also performed direct puncture (straight stick). Technologists predominantly chose veins in areas of flexion (hand, wrist, and antecubital fossa), rather than forearm vessels for IV access placement; in many circumstances, antecubital fossa vessels are chosen first, often without prior assessment for other suitable vessels. For selecting the injection vein, technologists sometimes used infrared vein finders but primarily performed blind sticks. Additionally, technologists were often allowed to use pre-existing IVs.



Quality improvement (QI) projects

One 18FFDG QI Project reported 459 injections were monitored during the 11-week study period. The extravasation rate was 12.8%. After educational intervention was implemented, including more thorough vein evaluation and ceasing use of butterflies and straight sticks, the extravasation rate decreased4.

A 99mTC-MDP QI Project reported a total of 816 administrations were studied, and contributing factors analysis revealed that injection site location, venous access technique, and needle gauge were associated with higher extravasation rates during the Measure Phase. Specifically, straight stick technique was associated with higher predicted probability of extravasation when compared to IV technique (p = 0.0001). And 23-gauge needle was associated with higher predicted probability of extravasation when compared to 22-gauge needle (p = 0.0001). Further analyses indicated that extravasation rates decreased from 12.75% to 3.4% when technologists reduced or discontinued the use of straight sticks and 23-gauge needles for venous access (28).



High-level survey

The survey of technologists working in the nuclear medicine department in ten hospitals across the United States revealed an absence of formalized training, knowledge, and skills necessary to ensure the safety/patency of IV devices prior to the administration of radiopharmaceuticals. For example, no nuclear medicine department used current best practices as described in the Standards. None followed formalized vascular access training programs or required ongoing education for all clinicians administering radiopharmaceuticals. No nuclear medicine department documented radiopharmaceutical extravasations or notified the referring provider (Table 1).

Additionally, the survey findings revealed that technologists were not required to check for blood return in PIVCs after gaining venous access and before injecting.



Database review

Findings from systematic review of IV access data for 29,343 procedures supported the observations described above. Forearm IV sites represented 7.9% of all sites and antecubital fossa represented 67.3%. 23–25-gauge PIVCs use represented 35.21% of all administrations.



Gold standard of infusion techniques


Injection site location

Numerous recommendations within the Standards advocate utilization of forearm vessels and avoidance of areas of flexion such as hand, wrist, and antecubital fossa (Table 2).


TABLE 2 Infusion therapy standards of practice: guidelines and Recommendations on injection site location, vein selection and addressing extravasations.

[image: Guidelines for peripheral intravenous catheter (PIVC) insertion include avoiding areas of flexion and the antecubital fossa, particularly in neonates and pediatric patients. It emphasizes the use of visualization technology to improve vein selection and prevent extravasation. Addressing extravasation involves early symptom recognition and the use of adverse event reviews for safety improvements.]

In current practices, areas of flexion are used in 92.1% of all cases from the database review. This is confirmed by our experience with QI projects and clinical observations. From the database review, antecubital fossa represented 67.3% and hand and wrist—18.8% of all site locations. In one of the QI projects, antecubital fossa represented 71.8% and hand and wrist—22.2% of site locations (28).

In nuclear medicine, forearm injection sites are seldom used for delivery of radiopharmaceuticals.



Vein selection

The Standards repeatedly emphasize the advantages of employing vein visualization for the identification and evaluation of vascular insertion sites (Table 2).

In current practices as confirmed by clinical observation, technologists sometimes used infrared vein finders but primarily performed blind sticks for selecting the injection vein. In the survey, no respondents reported using ultrasound, while four of ten of the technologists reported that near-infrared technology was available for use at their facility.



Addressing extravasations

The Standards stress the importance of promptly identifying signs and symptoms of extravasation to minimize injury, conducting an immediate investigation, and notifying patients (Table 2).

In our study of the 10 facilities and our clinical observations, we found that nuclear medicine departments rarely establish mitigation protocols or notify patients.





Discussion

A significant gap exists between vascular access and delivery practices in nuclear medicine and practices in other areas of medicine. Several factors contribute to this gap. Nuclear medicine technologists traditionally do not receive specific training for vascular access. The survey and clinical observations found that vascular access knowledge is passed through on the job training when a new technologist joins the workforce. This on the job training does not always include the latest research on vascular access techniques. Additionally, technologists have no reason to suspect that they are not meeting the highest standards of injection quality since traditional monitoring approaches do not routinely provide consistent feedback. Also, a lack of ongoing vascular access competency contributes to the gap between best and actual practices.

Awareness and recognition of the problem is the first crucial step towards improving injection quality. Technologist education plans should be developed in collaboration with vascular access experts. These plans should include hands-on training in best practices for peripheral IV access and administration as well as continued annual competency assessments. In addition, nuclear medicine departments should add vascular visualization technologies and tools to their standard equipment.

The lack of feedback during administration is another area to address. Active monitoring of injection quality can provide immediate feedback to technologists and extravasation reporting can incentivize technologists to maintain a high level of the skills due to the observer effect (28). Additionally, recognition and other positive reinforcement can help motivate technologists to improve and then maintain a high level performance.

While there are commonalities across administrations of all pharmaceuticals, such as venous access techniques, there are some differences that are potential limitations of our findings. There are unique characteristics of radiopharmaceutical administrations, such as syringe shielding and rapid bolus injections of smaller volumes as compared to the typical administrations in CT, MR, and chemotherapy. Therefore, while these unique characteristics may contribute to the higher extravasation rate in nuclear medicine, they do not account for the magnitude of difference between nuclear medicine and other areas. If these characteristics were completely responsible for high extravasation rate in nuclear medicine, then we would expect to see consistently high rates across all technologists and centers. However, published rates in nine different centers in Alberta varied from 0%–44% (17). Other published studies show radiopharmaceutical rates can vary widely across different nuclear medicine facilities, ranging from 2% to 38% (16, 27). Additionally, in the largest radiopharmaceutical administration QI project 56 technologists participated. Their extravasation rates varied from 0% to 24.4% (27).

Our survey and clinical observations also are a limitation of our study. While survey findings and clinical observations regarding mitigation protocols and notifying patients are from a cross section of facilities and nuclear medicine departments, it would be necessary to conduct a much larger survey to generalize these practices across all of nuclear medicine.



Conclusions

Our findings clearly suggest that many nuclear medicine professionals, even with the best intentions to provide high quality care, have not been provided the opportunity to use best practices to administer radiopharmaceuticals. Many technologists have not received the latest comprehensive training on venous access, do not use or do not have access to the best placement tools, and do not use prospective monitoring equipment. Additionally, technologists lack formal protocols, which is especially concerning in cases involving the administration of radioactive materials.

The QI projects highlighted in the study underscore the profound impact of using best practices, as indicated by the significant reduction in extravasation rates. If there were universal adoption of best practices, it's conceivable that such reductions in extravasation rates could become standard across the industry, greatly enhancing patient safety and the overall quality of care in nuclear medicine.

Several steps are needed to improve radiopharmaceutical administration quality; these include updating technical standards to address peripheral IV access and administration, providing technologists with vascular visualization tools and the proper training, developing and requiring annual vascular access competency, and providing active monitoring with center and patient-specific data to create ongoing feedback.
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The Society of Nuclear Medicine and Molecular Imaging (SNMMI) has publicly commented that they do not support the reporting of large extravasations to patients or regulatory bodies. The comment cites recently published articles suggesting that extravasations are infrequent and not severe. The comment stresses the importance of ensuring patients are not apprehensive or resistant to nuclear medicine procedures because of “radiation paranoia” and a “chilling effect” that can result from misinformation. Radiation paranoia and chilling effect are not defined, and there are no references to specific misinformation. Our experiences and this case suggest the comment may be incongruent with real-world clinical experiences. Our severe case, at a center with a long-standing focus on reducing radiopharmaceutical extravasation, suggests these events can still happen, can be significant, and should be shared with our patients. Our experiences also suggest that being transparent with patients builds trust. We are concerned that a reluctance to recognize the true frequency of extravasations and their severity may create distrust in the relationship between the nuclear medicine community and patients.
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1 Introduction

On September 1, 2023, the Society of Nuclear Medicine and Molecular Imaging (SNMMI) submitted a public comment (the comment) to the U.S. Nuclear Regulatory Commission (NRC) regarding the reporting of radiopharmaceutical extravasations as medical events (1). In their comment, SNMMI stated:


“The safety of our patients and the highest quality of care are our top priorities. We also must ensure that patients who would benefit from nuclear medicine procedures are not apprehensive or resistant to safe, often lifesaving procedures because of “radiation paranoia” or a “chilling effect” that can result from misinformation. We support harm based, rather than dose-based approach, as has been recommended by the NRC.”



The comment does not define the conditions of “radiation paranoia,” “chilling effect,” or the specific misinformation that may lead to these conditions. The comment does, however, imply that misinformation is driving the NRC to consider reporting extravasations that meet the same dose-based threshold used to consider other reportable medical events. To support the position that NRC should wait for patients to experience deterministic effects before an extravasation should be considered reportable, the comment cited two recent studies as evidence of “both the infrequency and lack of severity of extravasations in nuclear medicine.”

To support the claim that extravasations are infrequent, the comment cited a study based solely on a review of radiology reports. However, prior research had already concluded that, due to the nature of radiopharmaceuticals and methods of administration, most radiopharmaceutical extravasations are unnoticed by clinicians and patients; and that even when visible, they are rarely included in the radiology report (2, 3).

To support the claim that extravasations are not severe, the comment cited this same study and a second study that retrospectively reviewed PET/CT images of 1,000 patients and, through imaging and Monte Carlo estimates, attempted to assess the risk of radiation to skin and tissue. This second study reported that the amount of radioactivity in the six most severe extravasations was between 6 and 50 uCi and that, based on hypothesized lateral distribution of radioactivity in the hypodermis, the sensitive epidermis is spared. The authors concluded that the “risk of skin injury is significantly lower than implied in the current literature…” and suggest their conclusions are confirmed by lack of observable skin effects over decades of nuclear medicine procedures. The authors do not address the impact of radiation dose to the hypodermis or underlying muscle tissue. They do not address literature that counters lateral distribution of the extravasated radioactivity (4). They do not address extravasations of large amounts of radioactivity. And they do not address the lack of long-term patient follow-up looking for skin or underlying tissue damage caused by extravasations.

Even though the SNMMI had previously taken the public position that extravasations can impact the quality and quantification of diagnostic images, the comment opposed requiring a device to detect extravasations (5). Even though SNMMI practice guidelines endorse assessing the severity of extravasations (6) the comments to NRC opposed assessing extravasations. When the NRC specifically asked what information licensees should provide to patients on how to identify an extravasation and what to do if a radiation injury is suspected, the comment simply stated: “Patients receiving diagnostic radiopharmaceuticals need not be concerned.”

Carilion Clinic is a non-profit healthcare system located in southwest Virginia. We are committed to providing an environment that fosters quality health care and respect for each individual patient. We believe it is important for our team to share information with patients, both because they have the right to know about their treatments, and so that they can make informed decisions about their care.

Based on our review of the literature and our own experiences, we have reached the following conclusions about radiopharmaceutical extravasations. There is incontrovertible evidence that large extravasations (more than a nominal percent of the injected activity) can negatively affect the quality and quantification of images that help determine and guide the care of our patients (7–12). Likewise, there is evidence that absorbed radiation doses arising from radiopharmaceutical extravasations (even diagnostic radiopharmaceuticals) can be much higher than an absorbed dose of 1.0 Gy, a threshold the SNMMI has previously said can lead to deterministic effects (13–15). Furthermore, it is well established that radiosensitivity varies among individuals, and that our patient population in nuclear medicine is more radiosensitive than healthy individuals (16).

Our experiences are consistent with the literature. For large diagnostic radiopharmaceutical extravasations, we have calculated absorbed radiation doses greater than 1 Gy–5 cc of tissue in many patients. Isotopes associated with these radiopharmaceuticals include 18F (which locally deposits energy in the tissue from positron emissions) and 99mTc (which locally deposits energy from internal conversion electrons, auger electrons, and low energy x-rays). While there are many who suggest that low doses of radiation are not dangerous, there is little debate that large radiation doses to healthy tissue are not in the best interest of patients.

As part of our effort to provide quality health care, our teams have undertaken continuous efforts to reduce the frequency and severity of these events at our facilities since November 2016. To this end, we have prospectively monitored radiopharmaceutical administrations with the latest technology available. While we have shown significant reductions in extravasation rates, we have not eliminated them entirely. When we know, through our monitoring efforts, that a patient has been extravasated, we follow a standard response. We include the injection site in the imaging field of view, and we use data from our monitoring sensors and the images to calculate absorbed dose to 5 cc of tissue. We also quantitatively assess the impact of the extravasation on the procedure, we document and share this information with the patient, and, as needed and in consultation with their physician, we reschedule patients for repeat procedures at our expense.

Six weeks after the comment was submitted to the NRC, we encountered an extravasation of 18F-FDG at one of our satellite nuclear medicine facilities. This mobile PET/CT center has been an active participant in our multi-year efforts to improve the quality of radiopharmaceutical administrations and has seen steady and statistically significant improvements. This case has regulatory implications. It shows that even at facilities focused on reducing these misadministrations, severe extravasations involving large amounts of radioactivity can still occur, and there is a need for physician and patient concern.


Case presentation

A male (>70 years old) patient was initially diagnosed with Non-Hodgkin lymphoma in September 2020 and underwent treatment at that time. He experienced a recurrence in June 2021 and was re-treated successfully. A follow-up PET/CT in April 2022 showed another area of recurrence, and he underwent additional re-treatment. The patient has been disease-free since that time. In October 2023, he presented for a routine treatment monitoring PET/CT study.

A certified nuclear medicine technologist established venous access using a 22 gauge IV in the patient's left antecubital fossa and noted blood return. The technologist administered 12.09 mCi of 18F-FDG as a bolus injection and flushed the IV with 20 cc of saline. Readings from our external monitor positioned proximal to the injection site on the patient's arm indicated radioactivity may have remained in the vicinity following completion of the administration. Given this evidence that the patient might have been extravasated, the patient's arms were included in field of view during imaging. The resulting image was non-diagnostic. (Figure 1) Our technologists explained to the patient they had been inadvertently extravasated and asked the patient if he had experienced any discomfort during the administration. The patient responded he did not notice anything unusual during the administration of the radiopharmaceutical but may have felt a slight burning sensation during the saline flush. The technologist shared that the imaging procedure might need to be repeated and that they would reach out to the patient with more information. They also told the patient that if symptoms develop at the injection site, he should report them.


[image: Medical scan image showing the front view of a human body silhouette with varying shades of gray to black, highlighting internal anatomical details. A prominent black mass appears on the right side of the abdomen, visibly distinct from the surrounding lighter areas.]
FIGURE 1
Anterior maximum intensity projection (MIP) PET image showing extravasation in the patient's left antecubital fossa.


Based on biological clearance data from the monitoring sensors (Figure 2) and imaging information, our Radiation Safety Officer calculated an absorbed dose of 17.3 Gy to the affected tissue using previously published methods (17). The event was documented in their medical record and reported to the radiation safety committee. The patient underwent a free repeat imaging procedure one week later.


[image: Line graph showing data comparing an injection arm (blue line) and a reference arm (red line) over time post-injection in seconds. The blue line starts around 25 kcps, rises to about 40 kcps, and stabilizes. The red line remains below 5 cps with occasional spikes. The x-axis is time post injection and the y-axes are kcps and cps.]
FIGURE 2
Count-rate data recorded by monitoring sensors placed on the patient's biceps during and following bolus injection. When compared to the reference-arm sensor counts (red, secondary y-axis), the persistently elevated counts from the injection-arm sensor (blue, primary y-axis) indicate the likely presence of residual radioactivity.


A timeline of the events and proposed patient follow up is included (Table 1).


TABLE 1 Timeline of the extravasation event and planned follow-up.

[image: Timeline chart titled "2023 October" with post-procedure milestones. Initial exams include "Exam 1. Extravasated" and "Exam 2. Repeat Imaging"; dosimetry performed. Subsequent evaluations occur at one to two weeks, one to two months, three to four months, and six to nine months to assess potential tissue or skin effects.]

The patient consented to the use of their de-identified images for publication and presentation for educational purposes consistent with the Carilion consent process.



Diagnostic assessment

The repeated PET/CT study (Figure 3) indicated no active disease.


[image: Positron Emission Tomography (PET) scan showing a full-body image with areas of high radioactivity uptake indicated in dark shades. These areas of increased absorption are particularly concentrated in the head, chest, and abdominal regions.]
FIGURE 3
Anterior maximum intensity projection (MIP) PET image from the repeated procedure showing no evidence of extravasation.





Discussion

Based on our seven years of experience closely monitoring for extravasations in over 17,000 diagnostic and over 175 therapeutic nuclear medicine procedures at several sites, the evidence cited in support of the comment does not reflect reality. Without effective monitoring of each administration (either prospectively or retrospectively), an NRC licensee cannot accurately assess the frequency of their extravasations. Without effective monitoring and assessment of large extravasations, nuclear medicine centers will not know which extravasations have a potential to negatively affect patients, either through deterministic radiation effects or due to the impact on the procedure.

We have found that active monitoring can help reduce both the frequency and severity of extravasations. Additionally, we have learned that when an extravasation does happen, it is important to assess the severity of the extravasation. The suggestion, highlighted in the comment, that extravasated radioactivity remains compartmentalized in the hypodermis is biologically implausible, irrelevant, and contradicts our observed experiences. While we understand the limitation of the coronal views in this case (Figure 4), there is little indication that radioactivity was only distributed laterally in the hypodermis. And even if that were the case, the adjacent layer of dermis, the hypodermis, the adjacent layer of connective tissue, and muscle would be irradiated with energy. Not only does assessing the severity of the extravasations help us estimate the absorbed dose to tissue and overlying skin, but assessing the radioactivity that was not initially distributed systemically as a bolus also helps us assess the effect of the extravasation on the image.


[image: A series of four dark X-ray images showing side views of a human torso with highlighted areas depicting some form of impact or penetration passing through the body horizontally.]
FIGURE 4
Coronal PET/CT views from anterior to posterior (left to right respectively) detailing the extravasated area. The distance between successive slices shown is approximately 40 mm.


When a radiopharmaceutical administration results in a large extravasation, we strive for complete transparency with the patient and their treating physician. Our approach has enhanced the trust of our patients. At Carilion, we do not report these rare, large extravasations to any regulatory agencies because there is no such reporting requirement at this time. However, an honest assessment and review of contributing factors associated with these cases helps us understand why they occur and feeds our improvement processes. A reduced extravasation rate is good for patients, for us, and for nuclear medicine.

Our approach to extravasations is entirely consistent with our mission and belief system at Carilion. While we can still improve how we address radiopharmaceutical extravasations and how to clinically follow affected patients, we believe that our current extravasation policy helps to ensure that our patients receive the same care and attention we would want for our families and ourselves.



Concluding remarks

The SNMMI has long argued against the reporting of radiopharmaceutical extravasations. Most recently, they have stated that they are concerned that patients will forgo important nuclear medicine procedures because of “radiation paranoia” caused by misinformation. This statement and their past arguments are not supported by our real-world experience.

Paranoia is “unjustified suspicion and mistrust of other people or their actions.” We have studied the causes of extravasations. Extravasations are almost entirely preventable. The inadvertent injection of radiation into a patient's tissue can result in unnecessary irradiation and result in doses that easily exceed current reporting requirements. These extravasations also negatively affect the diagnostic imaging procedures that guide patient care. The preventability and consequences of extravasations are supported by numerous peer-reviewed publications. This is not misinformation. And since reporting is intended to reduce preventable accidental radiation exposures that exceed the dose-based threshold, the current inconsistency in reporting requirements for accidental irradiation of patients should be addressed. We see no scientific justification for holding extravasations to a different standard than other medical events. Providing licensees with an appropriate grace period to address the factors that lead to extravasations and then mandating reports of large extravasations will ensure that licensees are providing the radiation protection and transparency to patients that is needed.

In our experiences, being transparent with our patients and our referring physicians in the event of an extravasation enhances trust. If there is concern that facts about extravasations will lead to a chilling effect that we assume refers to procedural volume, we have not seen that. Our extravasated patients have appreciated our approach. We have not seen apprehension, hesitancy, or resistance to receiving further procedures. However, if our community acts on the suggestion that patients should not be concerned when they have experienced a large diagnostic radiopharmaceutical extravasation, that will lead patients to mistrust our community. And that may have a chilling effect that is dangerous to patients and to our profession.
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A previously published paper in the official journal of the Society of Nuclear Medicine and Molecular Imaging (SNMMI) concluded that the artificial intelligence chatbot ChatGPT may offer an adequate substitute for nuclear medicine staff informational counseling to patients in an investigated setting of 18F-FDG PET/CT. To ensure consistency with the previous paper, the author and a team of experts followed a similar methodology and evaluated whether ChatGPT could adequately offer a substitute for nuclear medicine staff informational counseling to patients regarding radiopharmaceutical extravasations. We asked ChatGPT fifteen questions regarding radiopharmaceutical extravasations. Each question or prompt was queried three times. Using the same evaluation criteria as the previously published paper, the ChatGPT responses were evaluated by two nuclear medicine trained physicians and one nuclear medicine physicist for appropriateness and helpfulness. These evaluators found ChatGPT responses to be either highly appropriate or quite appropriate in 100% of questions and very helpful or quite helpful in 93% of questions. The interobserver agreement among the evaluators, assessed using the Intraclass Correlation Coefficient (ICC), was found to be 0.72, indicating good overall agreement. The evaluators also rated the inconsistency across the three ChatGPT responses for each question and found irrelevant or minor inconsistencies in 87% of questions and some differences relevant to main content in the other 13% of the questions. One physician evaluated the quality of the references listed by ChatGPT as the source material it used in generating its responses. The reference check revealed no AI hallucinations. The evaluator concluded that ChatGPT used fully validated references (appropriate, identifiable, and accessible) to generate responses for eleven of the fifteen questions and used generally available medical and ethical guidelines to generate responses for four questions. Based on these results we concluded that ChatGPT may be a reliable resource for patients interested in radiopharmaceutical extravasations. However, these validated and verified ChatGPT responses differed significantly from official positions and public comments regarding radiopharmaceutical extravasations made by the SNMMI and nuclear medicine staff. Since patients are increasingly relying on the internet for information about their medical procedures, the differences need to be addressed.

KEYWORDS
radiopharmaceutical extravasation, SNMMI, diagnostic imaging, medical event reporting, AI in healthcare, nuclear medicine procedures, patient education AI






1 Introduction

ChatGPT is an advanced language model that uses deep learning techniques and neural networks to analyze and produce human-like responses to posed questions (1). Recently, there has been substantial discussion surrounding the use of ChatGPT in medicine. With the rapid expansion of healthcare and increasing physician burnout exacerbated by the recent COVID pandemic, there has been much discussion of using AI assistants such as ChatGPT to aid in answering patient questions (2). While the utilization of ChatGPT in healthcare has been limited, it is possible that ChatGPT could enhance the overall efficiency and accuracy of the healthcare sector, particularly as AI science becomes increasingly more sophisticated.

With regards to ChatGPT's application to the field of nuclear medicine, Rogasch et al. provided ChatGPT with common patient inquiries regarding PET/CT studies and their associated reports (3). Experts then evaluated the AI responses to assess whether ChatGPT adequately addressed the inquiries and explained the reports. The authors concluded that ChatGPT may offer an adequate substitute for patient information given by nuclear medicine staff in the setting of PET/CT for Hodgkin lymphoma or lung cancer.

Radiopharmaceutical extravasations have been receiving increased interest in peer-reviewed articles and regulatory discussions for the past five years. Radiopharmaceutical extravasations refer to the inadvertent injection of a radiopharmaceutical into the surrounding tissue at the injection site, instead of the appropriate blood vessel (4). The U.S. Nuclear Regulatory Commission (NRC) has a policy that exempts all radiopharmaceutical extravasations from medical event reporting, even if they meet or exceed reporting criteria of other misadministrations (5). This exemption policy was reviewed as a result of a recent petition for rulemaking (6). In December 2022, the NRC accepted the petition, solicited public comments in writing, and commenced rulemaking to address the reporting of extravasations in April 2023 (7). Throughout this process, NRC has noted that the extravasation issue has generated an unusually high level of interest1,2.

Since the filing of the petition in 2020, patients and patient advocacy organizations have become increasingly interested in this topic. In February 2021, the Patients for Safer Nuclear Medicine (PSNM) coalition was formed to demand that patients get the information they need about extravasations, so their diseases are accurately diagnosed and treated. By February 2024, the coalition had thirty patient advocacy organization members representing thousands of patients and nine corporate partners3. A review of the PSNM website reveals over a dozen press releases, letters to the NRC4, and op-eds5,6.

In response to the petition and recently proposed rulemaking, over 600 public comments have been submitted to the NRC by patients, patient advocates, clinicians, physicists, medical societies, industry groups, private companies, and government agencies7,8.

Rogasch et al., determined that ChatGPT could offer an adequate substitute for informational counseling to patients in lieu of that provided by nuclear medicine staff regarding certain PET/CT studies and their reports. We used their published methodology to examine whether ChatGPT could also adequately substitute for informational counseling regarding radiopharmaceutical extravasation.



2 Materials and methods


2.1 Generating questions about extravasations

We formulated fifteen patient-oriented questions concerning radiopharmaceutical extravasations (Supplementary File S1) based on a thorough review of over 600 public comments submitted to the NRC. These comments came from diverse stakeholders, including patients, advocacy groups, healthcare professionals, and medical organizations. Our question selection process involved identifying recurring themes and topics of particular concern to patients and stakeholders. We prioritized topics based on frequency of mention across comments, perceived importance to patient understanding and safety, and relevance to patient experience throughout nuclear medicine procedures.

Using these key themes, we crafted questions covering a range of topics from basic definitions to potential health impacts and patient rights. We intentionally used simple, non-technical language to ensure accessibility to a general patient audience. The initial list was then reviewed and refined by nuclear medicine experts to ensure comprehensive coverage while avoiding redundancy. Although this process involved some subjective judgment, we believe it resulted in a representative and comprehensive set of patient-oriented questions that effectively captured the most salient concerns regarding radiopharmaceutical extravasations.



2.2 ChatGPT responses

We accessed OpenAI ChatGPT Plus in the form of GPT-4 in January 2024. Using the same methodology employed by Rogasch et al., all questions were entered as single prompts in separate chats. Each prompt was repeated twice using the regenerate-response function, resulting in 3 trials per prompt. In addition, ChatGPT was asked to provide references for its responses.



2.3 Rating process

Two nuclear medicine-trained physicians and one nuclear medicine physicist independently rated the ChatGPT responses using the rating scale previously published by Rogasch et al. (Table 1). One physician is a nuclear medicine-trained board-certified radiologist with over 30 years of clinical and research experience and over 12 publications on radiopharmaceutical extravasations. The other physician is an American Board of Radiology-certified radiologist with more than 40 years of experience in academic clinical and investigative radiology, including subspecialty certification in nuclear radiology. The nuclear medicine physicist has served for decades on the Medical Internal Radiation Dose (MIRD) Committee of the Society of Nuclear Medicine and Molecular Imaging (SNMMI) and has been a member of the NRC's Advisory Committee on the Medical Uses of Isotopes. Each evaluator rated the appropriateness and helpfulness of the responses and assessed the three responses for each question for inconsistency. Criteria ratings were designed to capture AI hallucinations since these can misinform and potentially cause harm. To ensure that neutral evaluations could not be generated, we assessed appropriateness and helpfulness with a 4-point scale. One physician checked and rated the validity of all references provided by ChatGPT.


TABLE 1 Criteria and categories used for rating.

[image: Table detailing criteria for Appropriateness, Helpfulness, Inconsistency between trials, and Validity of references. Each criterion is described by four levels, ranging from highly appropriate or helpful to highly inappropriate or clearly unhelpful. Inconsistency is assessed from irrelevant to incompatible, and reference validity from fully valid to invalid. N/A is noted for responses generated without provided references.]

Interobserver agreement among the three evaluators was assessed using the Intraclass Correlation Coefficient (ICC). The ICC was calculated across all evaluation criteria (appropriateness, helpfulness, and inconsistency) to determine the overall reliability of ratings among the evaluators.



2.4 Statistical analysis

For each question posed, three ChatGPT responses were generated and evaluated by three evaluators using three criteria: appropriateness, helpfulness, and inconsistency between trials.

Appropriateness and helpfulness were assessed using an ordinal, categorical scale ranging from 1 (appropriate or helpful response) to 4 (not appropriate or unhelpful). Employing the same statistical methods as in previously published paper by Rogasch et al. (3)., the majority rating among the three evaluators was calculated for each response to determine the overall appropriateness and helpfulness scores for each question. When three different ratings were given, the middle category was chosen. The median of these majority ratings was then used to represent the overall appropriateness and helpfulness scores for that question.

Inconsistency between trials was evaluated by having each evaluator assess the three responses generated for each question. The majority rating among the three evaluators was used to determine the inconsistency score for each question. Following the same approach as with appropriateness and helpfulness, when the evaluators gave different ratings, the middle category was chosen.

Validity of references was assessed by a single physician who checked and rated all references provided by ChatGPT.

Interobserver agreement among the three evaluators was assessed using the ICC (Supplementary File S2). The ICC was calculated using a two-way random-effects model with absolute agreement, denoted as ICC(2,1). The following variables were used in the calculation: Mean Square for Rows (MSR), Mean Square for Columns (MSC), Mean Square for Error (MSE), the number of raters (k), and the number of subjects (n). The formula for ICC(2,1) is:

ICC(2,1) = (MSR—MSE)/[MSR + (k - 1) * MSE + (k/n) * (MSC—MSE)].

In summary, three overall median ratings were calculated, one for each of the evaluation criteria: appropriateness, helpfulness, and inconsistency. These overall median ratings provide a measure of ChatGPT's performance for each criterion across all fifteen questions. The ICC was used to assess the overall interobserver agreement among the evaluators.



2.5 Quantitative analysis of response structure

To provide analysis of structural characteristics of ChatGPT-generated text, we conducted a quantitative assessment of the responses. We calculated the average response length, identified the shortest and longest responses, determined the average number paragraphs per response, assessed the percentage of responses using bullet points or numbered lists, and computed the average number of list items when used. This quantitative analysis offers insights into ChatGPT's text generation patterns.




3 Results

The fifteen questions and a summary of the ratings are in Table 2. Ratings by individual evaluator for each of the forty-five responses, ratings for the inconsistency across responses, and a rating regarding ChatGPT-identified references can be found in Supplementary File S3.


TABLE 2 Evaluation of radiopharmaceutical extravasation responses based on appropriateness, helpfulness, consistency, and reference validity.

[image: Table presenting median scores for 15 questions related to radiopharmaceutical extravasations. Categories include Appropriateness, Helpfulness, Inconsistency between responses, and Validity of references. Scores range from one to three, with various entries marked N/A. The overall median rating is one for Appropriateness, one for Helpfulness, two for Inconsistency, and one for Validity.]


3.1 Rating of appropriateness and helpfulness

The appropriateness rating of the responses for all fifteen questions was either 1 or 2, representing highly appropriate or quite appropriate. The overall appropriateness rating for the fifteen questions was 1.

The helpfulness rating of the responses for fourteen of the questions was either 1 or 2, representing very helpful or quite helpful. The helpfulness rating for 1 question was 3. The overall helpfulness rating for the fifteen questions was 1.



3.2 Rating of inconsistency

The inconsistency rating for eleven of the questions was 2, representing minor inconsistencies. The inconsistency rating for 2 questions was 1, representing irrelevant inconsistencies. For the remaining 2 questions, the inconsistency rating was 3, representing major inconsistencies. The overall inconsistency rating of the fifteen questions was 2.



3.3 Validity of references

ChatGPT used fully validated (appropriate, identifiable, and accessible) references in eleven of the fifteen questions. For the remaining four questions ChatGPT used generally available medical and ethical guidelines to generate its responses. No AI hallucinations were found.



3.4 Interobserver agreement

The ICC(2,1) for the two-way random-effects model with absolute agreement was found to be 0.72. According to the guidelines proposed by Cicchetti (1994)9,10, an ICC value between 0.60 and 0.74 indicates “good” reliability. Therefore, the obtained ICC value of 0.72 suggests that there was good overall agreement among the evaluators when rating the appropriateness, helpfulness, and inconsistency of the ChatGPT responses across all fifteen questions.



3.5 Structural analysis of responses

Our quantitative analysis of ChatGPT responses revealed consistent patterns in text structure. The average response length was 278 words (excluding references), with responses ranging from 121 to 434 words. Responses typically contained an average of 3 paragraphs, with bullet points and numbered lists treated as single paragraphs due to their cohesive nature. Notably, 91% of responses incorporated bullet points or numbered lists, averaging 5 list items when used. These findings indicate that ChatGPT generates moderately lengthy responses with a clear, organized structure, predominantly utilizing bullet points or numbered lists to present information.




4 Discussion

Rogasch et. al, found that ChatGPT could offer an adequate substitute for informational counseling to patients in lieu of that provided by nuclear medicine staff regarding certain PET/CT studies and their reports. In this work, we examined whether ChatGPT could offer an adequate substitute for informational counseling regarding radiopharmaceutical extravasations.

Three expert evaluators, members of the American College of Radiology, Society of Nuclear Medicine and Molecular Imaging, and Health Physics Society, rated the ChatGPT responses as appropriate and helpful with only minor inconsistencies across multiple responses to the same questions. The ICC rating of 0.72 suggests good overall agreement among the evaluators in their ratings. Furthermore, a review of the references used by ChatGPT to generate responses found no hallucinations. Eleven of the fifteen responses used fully validated references and four used generally available medical and ethical guidelines to generate responses.

AI is playing an increasing role in medically related searches with an AI overview being displayed frequently at the top of the search results page11,12 (Supplementary File S4). According to a recent survey of 2,000 U.S. adults13, more Americans trust social media and healthcare websites for advice over a medical professional, 94% trust AI to handle certain health-related tasks, and over half (52%) have consulted large language models like ChatGPT for medical diagnoses, reflecting the growing role of AI in personal healthcare decisions. With the increasing patient interest in radiopharmaceutical extravasations, several AI concerns need to be addressed.

AI systems, including ChatGPT, operate from data provided to the system, and therefore may be biased. Obermeyer et al. demonstrated that commercial prediction algorithms exhibited significant racial bias, and worsened care for patients (8). Bias in the training data can cause AI systems to produce biased responses. While an examination of bias in ChatGPT's algorithms was not included in the methodology employed by Rogasch et al., evaluators in our study made no comment of bias during their review of responses.

While the free version, GPT-3.5, may have been more readily available to patients in January 2024, we chose to follow the methodology from the previously published study by Rogasch et al., and used ChatGPT Plus in the form of GPT-4. Unlike GPT-3.5, GPT-4 provides references for evaluation.

Rogasch et al. stressed the importance of ensuring the quality of responses that ChatGPT provides. AI can produce potentially dangerous responses. ChatGPT can produce false, incoherent, or unrelated responses that are known as hallucinations14 (9). No responses were found to be potentially harmful or lacking crucial information.

Our evaluators generally found ChatGPT responses to be appropriate, helpful, and with minimal inconsistency. Two hundred eighty-three of the possible three hundred fifteen ratings were rated highly appropriate, quite appropriate, very helpful, quite helpful, or showed irrelevant or minor differences across responses. However, there were exceptions. Thirty-two responses were rated as quite inappropriate, quite unhelpful, or showed major differences across responses. Evaluators’ criticisms can be summarized in several themes.

Evaluators noted that certain ChatGPT responses were not clearly appropriate or helpful. For example, they cited extravasation rates in some responses that relied on data from areas outside of nuclear medicine. They noted that some ChatGPT responses recommended using cold compresses to mitigate the effects of radioactivity in tissue, while other responses recommended warm compresses. They noted that some ChatGPT responses suggested using vascular access tools other than those recommended by vascular access experts (10). And they also noted that ChatGPT used terminology that may be vague or confusing for a general patient (e.g., radiotoxic, critical structures).

Evaluators reported that some ChatGPT responses suggested that nuclear medicine practices routinely and effectively monitor for, identify, characterize, and mitigate radiopharmaceutical extravasations (10). The evaluators found no evidence to support these responses.

Evaluators also noted that, while ChatGPT accurately identified that extravasations can negatively affect the quality of diagnostic images, responses did not address their effect on quantification of images.

Beyond the criticisms identified by individual evaluators, we observed an overarching theme repeated throughout the ChatGPT responses. 41 out of 45 responses (91%) suggested that radiopharmaceutical extravasations can cause adverse effects, including local tissue reaction and radiation-induced tissue damage (Supplementary File S1). Public comments to the NRC broadly supported this theme. The American Society for Radiation Oncology, wrote that “[they] recognize that serious patient harm can occur if an injection of a radiopharmaceutical goes awry15.” Similarly, the University of Pennsylvania Office of Environmental Health and Radiation Safety detailed specific potential impacts, stating that extravasation could “potentially cause blistering, tissue damage/sloughing with or without necrosis and potential structural damage”, and that “potential harm…depends on the dose to the surrounding tissue16”. The National Institutes of Health commented that they would be in favor of the “prompt reporting of radiation safety-significant extravasations from high energy radiopharmaceuticals17.” Though these organizations advocate different approaches to medical event reporting, they all recognize that extravasation could be a patient safety issue.

Despite the well-known challenges associated with AI and medical uses previously discussed and addressed, we found ChatGPT's responses regarding radiopharmaceutical extravasations appropriate and helpful. However, some public positions and comments conflict with ChatGPT's responses and our experts’ evaluations.

For example, while the SNMMI acknowledged that extravasations can affect the quality and quantification of diagnostic imaging procedures18, they have also submitted other comments to the NRC. In these comments, SNMMI minimized the potential effects of radiopharmaceutical extravasation. When responding to NRC's request for what information should be provided to patients if extravasation is suspected, SNMMI stated, “Patients receiving diagnostic radiopharmaceuticals need not be concerned19.” SNMMI also stated that extravasations are infrequent and not severe. In regard to medical event reporting, SNMMI expressed concern that reporting will induce “radiation paranoia” and a “chilling effect” among patients20.

Because the SNMMI position, which likely represents the position of most nuclear medicine staff, conflicts with ChatGPT responses, we cannot claim ChatGPT currently offers an adequate substitute for informational counseling regarding radiopharmaceutical extravasations. Further research and interviews with the leaders of SNMMI and other organizations may be required to better determine why these differences exist and how they can be clarified or resolved to ensure patients receive accurate information.

Our study has two main limitations. First, we did not conduct a patient comprehension evaluation, which is crucial for assessing the effectiveness of AI-generated patient education materials. Second, our panel of evaluators did not include radiographers or nuclear medicine technologists, whose insights could provide valuable perspective on practical applicability. While this aligns with the methodology of Rogasch et al., future studies would benefit from including a broader range of healthcare professionals and directly assessing patient understanding. These limitations highlight important areas for future research in AI-assisted patient communication in nuclear medicine.



5 Conclusion

The ChatGPT responses received high ratings by experts and were judged to be a reliable resource for patient education. However, ChatGPT responses frequently differed significantly with official positions and public statements from some professional societies. For nuclear medicine practitioners and patients to benefit from AI, these differences must be resolved.

Once that happens, AI could potentially support patient-provider relationships by serving as a preliminary source of general information. This could allow patients to come to their appointments better informed about basic concepts, potentially leading to more productive discussions with their healthcare providers. Additionally, the availability of AI-based patient education could improve patient understanding of nuclear medicine procedures and allow them to better advocate for themselves and the quality of their care.
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Answers

Questions

Results

1. How many years have you been a practicing Nuclear Medicine 1. 0-3 years 1. 20% (2/10)
‘Technologist? 2.4-7 years 2.20% (2/10)
3.8-11 years 3.20% (2/10)
4. Over 12 years 4. 40% (4/10)
2. Which statement do you agree with the most, Obtaining IV access has | 1. Patients’ veins have gotten easier to start IVs. 1.0% (0/10)
changed because.... 2. Patients’ veins have gotten more difficult to start IVs. 2.10% (1/10)
3. Really no change since I started. 3. 90% (9/10)
3. Which statement most closely matches your orientation to IV access | 1. Preceptor orientation until they said I was i 10 start an IV. 1. 10% (1/10)
at your job. 2.1 completed a formal IV training class followed by precepted supervision. | 2. 0% (0/10)
3.1 had previous experience so no training at my present facility. 3.90% (9/10)
4. Radiopharmaceutical extravasation is not a problem because it causes | 1. True 1. 30% (3/10)
very little harm to patients. 2. False 2. 70% (7110)
5. Please check acceptable injection methods at your current facility. 1. New PIVC Only 1. 0% (0/20)
2. Butterfly steel needle 2. 60% (6120)
3. Direct syringe injection 3.50% (5/20)
4. Preexisting PIVC 4. 90% (9/20)
6. Have you had additional training from your facility on IV access since | 1. Yes| 1.10% (1/10)
‘your orientation? 2. No 2..90% (9/10)
7. Do you require blood return in the IV prior to radiopharmaceutical 1. Yes 1. 50% (5/10)
injection? 2.No 2. 50% (5/10)
8. With difficult IV patients what resources are available to obtain access? | 1. Fellow nuclear medicine only. 1.60% (6/17)
Check all that apply. 2. Ultrasound that Nuclear Medicine Techs use. 2.0% (0/17)
3. Vein visualization (Near infrared for example) 3. 40% (4/17)
4.1V team availability 4.70% (717)
5. No other resources available 5.0% (0/17)
9. Which of the following best describes your current facility? 1. There are written policies and procedures for Vs in my specific department. | 1. 20% (2/10)
2. There are not written policies and procedures for IVs in my department. 2. 80% (8/10)
It is part of our training.
10. Which of the following best describes your current facility. 1. The facility maintains a yearly competency on my IV skil sets. 1. 10% (1/10)
2. The facility does not require a yearly competency on my IV skill sets. 2..90% (9/10)
11. What methods do you use to determine if the injection was successful? | 1. I feel the site during/after injection. 1. 80% (8/18)
Please check all that apply 2.1 ask the patient if it hurt at all. 2.90% (9/118)
3. There is no way to tell until scanned. 3.10% (1/18)
4. We have a device that monitors the injection. 4.0% (0/18)
12. What method, if any, does your facility use to obtain consent for the | 1. Verbal consent from patient 1. 40% (4/10)
nuclear medicine scan/injection. 2. Written consent from patient. 2.20% (2/10)
3. Consent is not required. 3. 40% (4/10)
13. What is your facilities policy if there is an inadvertent extravasation | 1. Contact the Radiation Safety Officer. 1. 10% (1/14)
2. Reschedule the exam. 2..90% (9/14)
3. Document in chart. 3.10% (1/14)
4. Cover the extravasation in a lead shield and attempt exam. 4.10% (1/14)
5. Re-Inject at another site. 5.20% (2/14)
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Injection site location
“Avoid PIVC insertion in areas of:
a. Flexion”.

“PIVC insertion in areas of flexion such as the hand is associated with higher rates of failure over time.

“Short PIVCs inserted for infusion into veins of the antecubital fossa are not due to higher catheter complication rates in areas of joint flexion”.
“Neonates and pediatric patients

a. Avoid the antecubital fossa, which has a higher failure rate”.

“Assess the risk of mechanical causes of infiltration/ extravasation, which include
i. PIVC sites in the hand, wrist, upper arm, foot, ankle, and antecubital fossa, when compared to sites in the forearm; inadequate catheter securement and joint stabilization if
forced to use a site in an area of joint flexion”

Vein selection
“Use vascular visualization technology (e.g. near infrared, ultrasound) to increase success for patients with difficult intravenous access”.

“Use ultrasound to identify and assess vasculature, including: size, depth, and trajectory of vessels; anatomy to avoid, such as arteries and nerves; optimal site for PICC.
insertion; and to increase first-time insertion success”.

“Use ultrasound guidance for arterial puncture and catheter insertion in adults and children”.

“Vascular visualization technology is employed to increase insertion success of the most appropriate, least invasive vascular access device (VAD), minimizing the need to
escalate to an unnecessary, more invasive device and to reduce insertion-related complications”.

Addressing extravasations
“Limit the extent of injury through early recognition of signs and symptoms of i ion”.
“Review infiltration/extravasation incidents causing harm or injury, using adverse event reports and health record reviews for quality improvement opportuniti

adverse events iately to ensure prompt action and improve safety. The process includes a root cause analysis (RCA) or other systematic investigation

iga
and analysis to improve quality and safety”.

“Include patients in adverse event review when appropriate-
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OPS/images/fmed-05-00303/fmed-05-00303-g004.gif





OPS/images/fnume-03-1240162/crossmark.jpg
(®) Check for updates.





OPS/images/fmed-05-00303/fmed-05-00303-g001.gif





OPS/images/fnume-03-1258960/crossmark.jpg
(®) Check for updates.





OPS/images/fmed-05-00303/fmed-05-00303-g002.gif
Subjcts Consenied

e
o Dymanic Scn D
o el Eror
o
[ee——
wn
NoTACDucto
okl B
TAC and Dynamic Scans o2
Analyzed
—  — &
NoTAC Evdeocs of TAC Eidn o i
Radlorscr P | | Rchrar rsocs ironcsi
o7 4 "
Pisiion Rt No. | | Phsicon Rpor [~
Dy Pudeceof | | Dy Eidoceof pory
Kot e | | R s
e -






OPS/images/fnume-03-1244660/crossmark.jpg
(®) Check for updates.





OPS/images/fmed-05-00303/fmed-05-00303-t002.jpg
Classification Dynamic images TAC Static images
physician report Determination of ~ physician report of

of radiotracer  presence of radiotracer presence
presence at radiotracerat  at injection site
injection site  injection site

No Presence 4 7 14

Minor 9 13 6

Moderate 7 1

Significant 1 0 [
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Dynamic reference standard

No evidence
Infiltration
Infiltration
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Infiltration
Infiltration
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Infiltration
Infiltration
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Infiltration
Infiltration
Infiltration
Infiltration
Infiltration
Infiltration
No evidence
Infiltration
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Infiltration

Static

No evidence
No evidence
No evidence
No evidence
No evidence
No evidence
No evidence
No evidence
Infiltration
No evidence
No evidence
Infiltration
Infiltration
Infiltration
Infiltration
Infiltration
No evidence
Infiltration
No evidence
No evidence
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TAC

No evidence
Presence
Presence
Presence
Presence
Presence
Presence
Presence
Presence
No evidence
Presence
No evidence
Presence
Presence
Presence
Presence
No evidence
Presence
No evidence
No evidence
No evidence

Static vs. dynamic resuit

True negative
False negative
False negative
False negative
False negative
False negative
False negative
False negative
True Positive
False negative
False negative
True positive
True positive
True positive
True positive
True positive
True negative
True positive
True negative
True negative
False negative

TAC vs. dynamic result

True negative
True positive
True positive
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True positive
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False negative
True positive
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True positive
True negative
True positive
True negative
True negative
False negative
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Criterion

Description

1. Highly appropriate

Meeting standards of information given by
medical staff in nuclear medicine department

Quite appropriate

Minor aspects incorrect o inconsistent

Quite inappropriate

Relevant aspects inconsistent

Highly inappropriate

Major aspects incorrect; potentially harmful

Very helpful

Comprehensive and likely to fully answer
patient's question

Quite helpful

Specific but lacking potentially helpful
information

Quite unhelpful

Specific but lacking crucial information related
to patient’s question

Clearly unhelpful

Unspecific and lacking crucial information

between trials

Irrelevant

Differences only in wording, style, or layout

Minor

Differences in content of response but none
relevant to main content required to answer
‘patient’s question

Major

Some differences relevant to main content

Incompatible

Responses incompatible with each other

Validity of references

1. Fully valid

2. Appropriate but outdated

Appropriate, identifiable, and accessible source

Appropriate reference but outdated uniform
resource locator or only generic references

3. Appropriate, incorrectly cited,
but possible to find

Appropriate reference with incorrect
bibliographic data but still possible to find

4. Invalid

Invalid reference that cannot be found

NIA

Responses were generated using generally
available medical information, and no

references were provided.
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Questions (general)

Median score (n = 3)

Appropriateness | Helpfulness Inconsistency

1. What are radiopharmaceutical extravasations?

between responses

Validity of
references

2. How frequently do occur during
administrations?

3. How should clinicians address a suspected radiopharmaceutical
extravasation?

4. How important is it to mitigate a radiopharmaceutical extravasation
quickly?

5. Who should receive a report of a

6. Can radi ions be prevented or minimized?

7. Should a patient be concerned about diagnostic radiopharmaceutical
extravasation?

8. How does a ion affect a patient?

9. Are harmful?

10. Are there any long-term effects of radiopharmaceutical

11. Are there any systemic effects of radiopharmaceutical
extravasations?

12. Should a patient be told when they have been extravasated with a

13. Can a radiopharmaceutical extravasation affect a patient’s diagnostic
image?

14. How does an extravasation affect a patient’s therapeutical

procedure?

15. Could a radiopharmaceutical extravasation alter the qualitative and
quantitative resuls of a nuclear medicine procedure in a way that causes
the patient to receive inappropriate or less than optimal care?

Overall Median Rating
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