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ABSTRACT
MARK FORTYGIN. Intraoperative Hypotension and Acute Kidney Injury after Robotic

Enhanced Recovery Protocol Surgery.
(Under the direction of DR. DAVID LANGFORD)

Acute kidney injury (AKI) has been linked to intraoperative hypotension in previous
studies. AKI may lead to prolonged recovery and hospital stays and complications such as
chronic kidney disease. Factors associated with robotic surgery and enhanced recovery protocols
(ERPs) may contribute to intraoperative hypotension. This quality improvement project aimed to
explore the incidence of AKI in robotic cases incorporating an ERP. The project design was a
retrospective review of anesthesia records of robotic surgeries performed at Atrium Health (AH)
Carolinas Medical Center (CMC) over a four-month period. Records were screened for the
occurrence of hypotension. The charts of patients who experienced hypotension were then
screened for a pre-operative and post-operative creatinine level. AKI was defined using the
Kidney Disease Improving Guidelines (KDIGO). The sample size included 34 patients who
experienced hypotension. The incidence of AKI was 5.88%. AKI did not differ by age, gender,

ASA score, or procedure time.
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CHAPTER 1: INTRODUCTION
Problem Statement

Two improvements in surgical techniques include using robotic surgery and reducing
patients’ use of opioids called Enhanced Recovery Protocol (ERP). Patients undergoing
enhanced recovery after robotic surgeries may have an increased risk of developing an acute
kidney injury (AKI). Robotic surgeries and enhanced recovery protocols (ERPs) each have
separate attributes that, when combined, place patients at risk for developing AKI. The Kidney
Disease Improving Global Outcomes (KDIGO) guidelines define AKI as an increase in serum
creatinine >0.3 mg/dL in 48 hours or urine output (UOP) <0.5 ml/kg/hr for 6-12 hours (KDIGO,
2012). More concerning, AKI development can lead to increased complications and hospital
costs (Joo et al., 2016; Kong et al., 2018). While studies have examined AKI development in
these populations separately, the risks associated with robotic ERPs have not yet been studied.

There is an average of five robotic cases per day at Atrium Health (AH) Carolinas
Medical Center (CMC), leading to approximately 25 cases per week, totaling 1,300 cases per
year (Atrium Health, 2019). In addition, AKI is the number one complication in both colorectal
and abdominal service lines and the fourth most common complication in the gynecologic
service line at AH CMC (Centers for Medicare & Medicaid Services MedPar, 2018).

There are factors related to the technique of robotic surgeries that could increase the risk
of developing AKI. These factors include abdominal insufflation with carbon dioxide and
extreme trendelenburg positioning in some procedures (Naito et al., 2020; Sato et al., 2020).
Insufflation pressure can collapse the vasculature in the abdomen and reduce renal blood flow,

while steep trendelenburg drives blood volume toward the head. In addition, robotic surgeries



generally have longer surgical times than open procedures, increasing patients' exposure to
anesthesia and surgical stress (Joo et al., 2016).

Enhanced Recovery Protocols are being implemented in hospital systems across the
country to improve patient recovery times and reduce reliance on opioids. ERPs are a series of
guidelines for surgical procedures meant to decrease recovery times after surgeries and improve
patient outcomes (Zorrilla-Vaca et al., 2020). One of the complications of ERPs is that it has
been found to increase AKI development (Koerner et al., 2019). A primary tenet of ERPs is
restricted fluid administration during procedures, which may lead to decreased renal perfusion.
Another foundation of ERPs is the decreased use of opioids and relying on more nonsteroidal
anti-inflammatory drug (NSAID) use which potentially affects kidney function (Zorrilla-Vaca et
al., 2020). Inhibition of the vasodilatory effects of renal prostaglandins from NSAIDs, paired
with perioperative conditions such as reduced blood flow to the kidneys, place patients at
increased risk for reduced kidney function (Bell et al., 2018). Many factors of ERPs could impact
the risk of AKI development, but there is uncertainty about which factor has a more significant
effect.

In addition to the surgical and ERP factors that may place patients at risk, individual
patient risk factors can affect AKI development. For example, one study found that robotic
surgery patients who were obese, had diabetes, increased baseline glomerular filtration rate
(GFR), and men had a higher rate of AKI development (Martini et al., 2019). Another study
examining patients participating in ERPs found that patients with hypoalbuminemia, age greater
than 60 years old, male, American Society of Anesthesiologists (ASA) physical status
classification III-IV, and had pre-existing chronic kidney disease were more likely to develop

AKI (Zorrilla-Vaca et al., 2020).



Purpose

This project aims to determine the role of hypotension as a potential risk factor
contributing to the development of AKI in robotic procedures at AH CMC. This is part of a
larger project looking at several factors in robotic and ERP surgeries related to increased risk of
AKI that was identified as an area of concern by the Anesthesia Department.

A retrospective chart review examined hypotension as a variable during robotic surgery
and serum creatinine levels up to 48 hours postoperatively. Hypotension is a variable that
anesthesia providers can control with fluid status management and medication administration. If
the data suggest a link between hypotension and AKI development, future projects can work
towards developing practice guidelines related to preventing hypotension to reduce AKI
incidence at AH CMC.

PICOT Question

In adult patients undergoing robotic procedures utilizing an ERP, what is the incidence of
AKI development related to hypotension in the 48-hour postoperative period? Acute kidney
injury development will be determined by comparing preoperative serum creatinine levels to

those within the 48-hour postoperative period.



CHAPTER 2: LITERATURE REVIEW

Electronic databases were searched throughout Fall 2021 and Spring 2022 to obtain
literature review data. Database access was obtained through the North Carolina Area Health
Education Center (AHEC) digital library. PubMed Medline, PubMed Central, Cochrane library,
and the Cumulative Index to Nursing and Allied Health Literature Complete were accessed.
Boolean search operators utilized were "acute kidney injury AND Enhanced recovery protocol”
and "acute kidney injury AND hypotension.”

Blood pressure is composed of heart rate, stroke volume, and systemic vascular resistance
and is an indicator of end-organ perfusion. It is well established that hypotension results in
decreased renal perfusion and thus, increases the risk of developing AKI. Hypotension has
recently received increased attention for its role in developing AKI in the perioperative period
and its detrimental effect on patient outcomes. A study by Stapelfeldt et al. (2021) showed a
significant association between hypotension and increased use of hospital resources in the six-
month post-discharge period, which included increased emergency room visits and longer
readmission length of stay. AKI was a significant factor in this study.

There is still no clear consensus on how to define hypotension. One way to measure
hypotension is using the mean arterial pressure (MAP). Mean arterial pressure is an average
arterial pressure throughout one cardiac cycle that includes both systole and diastole. There have
been many studies done to find an optimal MAP threshold. Salmasi et al. (2017) found that
pressures considered clinically acceptable, such as an absolute threshold MAP of 65 mmHg, may
be associated with renal injury. Pressures lower than 65 mmHg, even in short durations, created
stronger associations with organ injury. However, they state that "... a strategy aimed at

maintaining MAP above 65 mmHg appears to be as good as one based on the percentage



reduction from baseline" (p. 60). A MAP of 65 mmHg is a widely used threshold used by
providers for preventing or promptly treating lower pressures and is likely effective in preventing
organ hypoperfusion.

Blood pressure is influenced by fluid status and hypovolemia will often lead to
hypotension. Characteristics of ERPs such as limited fluid administration may contribute to an
already hypovolemic state and result in exaggerated hypotension intraoperatively. Hypovolemia
combined with insufflation and steep Trendelenburg positioning performed with robotic
surgeries may cause further hypotension and low organ perfusion states.

In addition to preoperative hypovolemia, chronic hypertension is another risk factor for
intraoperative hypotension. Factors such as impaired blood pressure autoregulation and blood
pressure agents such as beta-blockers and ACE-inhibitors predispose patients to large swings in
blood pressure in the operative setting. A study by Levy et al. (2008) found that in addition to
being at higher risk for intraoperative hypotension, tissues may be more vulnerable to ischemia
in chronically hypertensive patients.

Advanced age is another risk factor for developing intraoperative hypotension. Both
intraoperative hypotension and an age > 65 years were risk factors for AKI. Blood loss is a
significant complication in some surgeries, such as liver resections, and can also result in
significant hypotension (Liao et al., 2020).

Hypotension is a risk throughout the intraoperative phase due to anesthetic agents and
resulting changes in blood pressure autoregulation. However, the post-induction, pre-incision
period is when most cases of hypotension occur. Hypotension occurred in one-third of elective
non-cardiac surgeries before incision (Maheshwari et al., 2018). Thus, it is recommended to

frequently measure blood pressure during induction and prior to incision and promptly manage a



MAP less than 65 mmHg so that any period of hypotension is limited to less than four minutes

(EI-Ghazali and Pandit, 2019).



CHAPTER 3: METHODOLOGY

Conceptual Framework

The conceptual framework for the project is the Plan-Do-Study-Act (PDSA) model
(Plan-Do-Study-Act, 202). The “Plan” is to identify the relationship between hypotension and
AKI development in the 48-hour postoperative period. The occurrence of hypotension for 30
patients undergoing robotic procedures with ERPs will be recorded, as well as the preoperative
and postoperative creatinine for the “Do” step. These data will be analyzed to determine how
hypotension affected the incidence of AKI in this population. In the final step of the model, if the
findings show that hypotension does affect AKI incidence, the “Act” phase will result in
recommendations for future scholarly projects to develop and implement protocols that can be
quickly assessed to address hypotension in robotic ERP surgical patients to reduce the risk of
AKI development.
Methodology and Project Design

This project is a quality improvement project which aims to improve patient outcomes
after robotic surgery using a retrospective, correlational design. Curtis et al. (2016) state that a
correlational study is used to determine the prevalence and relationship between variables. The
variables in question will be hypotension and incidence of AKI (measured by pre and post
operative creatinine levels). Data will be retrieved from patient medical records over a 4-month
period from May 2022 to August 2022.
Setting

The patients included in the project were adults undergoing robotic procedures
incorporating ERPs at AH CMC. AH CMC is a Level 1 Trauma center serving the large urban

city of Charlotte, North Carolina. In 2018, 43% of AH CMC Main patients came from



Mecklenburg County, and 57% came from surrounding counties (Atrium Health, 2019). The
medical center has 38 operating rooms, including four dedicated C-section rooms and one trauma
room.

There were 43,331 surgeries performed at AH CMC Main and AH Mercy in 2018,
averaging 833 operations per week (Atrium Health, 2019). In the AH CMC operating rooms,
41.8% of the patients were racial and ethnic minorities, and 26.7% were elderly (Atrium Health,
2019). Those having surgery included 7% that were self-pay, 28.2% that paid with Medicare,
18.9% that paid with Medicaid, and 42.8% that paid using private insurance (Atrium Health,
2019). Statistics prior to the Covid-19 pandemic were used, as they most accurately reflect the
current trends at this institution.

Sample

The sample was extracted from the medical record. Eligible records were adult patients
(18 years and older) undergoing robotic procedures incorporating ERPs at AH CMC and those
with pre and post operative creatinine measures. The sample was obtained from electronic health
records from May 2022 through August 2022. Thirty-four patients met the sampling criteria. The
types of surgeries included were general and thoracic services. Patients in the sample needed to
be admitted for at least one night to obtain a postoperative creatinine level. Patients having pre-
existing kidney disease, urologic procedures, surgeries converting to non-robotic surgery,
outpatient procedures, and emergency procedures were excluded from the project.
Measurement Tools

The measures used in the project were physiologic measures captured from electronic
health records that include creatinine and blood pressure monitoring. Preoperative creatinine

level and the highest postoperative creatinine within 48 hours after surgery was recorded.



Postoperative creatinine levels >0.3 mg/dL served as the measure of AKI. Measurement of AKI
will use the KDIGO guidelines, which state AKI as an increasing serum creatinine (SCr) >0.3
mg/dL in 48 hours or urine output <0.5 mL/kg/hr 6-12 hrs. Because urine output may not always
be accurately tracked postoperatively, creatinine levels will be used as the primary measure of
AKI. Hypotension will be treated as nominal data and will be recorded as a "yes or no" category.

Mean arterial pressure (MAP) is a blood pressure metric that measures average arterial
pressure throughout one cardiac cycle, which includes both systole and diastole. The formula to
calculate MAP can be found in Appendix A. MAP can be obtained from arterial line monitoring
or from a non-invasive blood pressure (NIBP). Periods of intraoperative hypotension will be
defined as a MAP less than 65 for a period longer than three minutes. Arterial line monitoring
provides a continuous MAP with each heartbeat, while NIBP monitoring is typically
programmed to automatically measure MAP at an interval of three minutes. However, one single
hypotensive measurement makes it challenging to determine an exact measurement of time spent
hypotensive, and the time until a repeat blood pressure measurement may vary across providers.
Intraoperative hypotension with NIBP monitoring will thus be identified as two consecutive
measurements of a MAP less than 65 within six minutes.
Data Collection

Data collection involved retrospectively extracting patient records from the electronic
health record at Atrium Health. Atrium Health converted to a new EHR in April of 2022, so
access to patient data was limited to the start of the new EHR system in May of 2022. The data
champion created a database that was de-identified and made available to the project coordinator

to include the records meeting the sampling criteria. Surgeries from May 1%, 2022 to August
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30%, 2022 were included. The data collection form can be found in Appendix A. The criteria
below were used to identify the sample.
e All the surgeries from May 1% to August 30', 2022
e Filtered to the operating rooms with robotic capabilities
e Anesthesia type was filtered to general anesthesia with an endotracheal tube
e Age was filtered to only include patients over 18 years old
e A filter was applied to assess for multimodal pain management which was used to
determine an enhanced recovery protocol was used
e The records were examined for the presence of preoperative and postoperative creatinine
levels
All patients who fit the inclusion criteria and experienced hypotension were included. The
timeline is presented in Appendix B.
Data Management and Confidentiality
The resulting patient data were de-identified and transferred to a password-protected
Microsoft Excel sheet for data analysis. The data were only available to project directors and
authorized team members. The project was reviewed by the hospital Institutional Review Board
(IRB) and university IRB and determined to be a quality improvement project that required no
further approval. The IRB letters can be found in Appendix C and D.
Data Analysis
Data analysis was based on a sample size of 34 patients. The descriptive demographic
analysis evaluated the statistical significance of hypotension, age, gender, ASA score, and
anesthesia time. Logistic regression was used to predict the relationship between these variables

and the incidence of AKI.
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CHAPTER 4: RESULTS

A retrospective analysis was performed of anesthesia case records of procedures taking
place at Atrium Health CMC Main from May 1% 2022 through August 315 2022. The filters used
to generate a sample from the electronic health record included general anesthesia with an
endotracheal tube, age greater than or equal to 18, operating rooms in which robotic surgeries are
performed, and multimodal anesthesia use. The anesthesia records were then manually screened
for a robotic approach, documented preoperative and postoperative creatinine lab values, and the
occurrence of perioperative hypotension defined as a MAP <65 in two consecutive
measurements.

A total of N = 34 patients were included in this project. The majority (rn = 20, 58.88%)
underwent thoracic surgery, and 41.18% (n = 14) underwent general surgery. The majority
(61.94%) of the sample was male (n = 19). The mean age was 61.94 years old (SD = 14.76). The
average procedure time was 297.71 minutes (SD = 128.31). Two (5.88%) individuals developed
AKI.

Logistic regressions tested the degree to which AKI was influenced by age, gender, ASA
score, and anesthesia time. AKI did not differ by age (b =-.02, p =.732), gender (b =-.25,p =
.863), ASA score (b = .44, p = .836), or procedure time (b =-.01, p = .369). Table 1 displays all

patients that experienced hypotension, and how these variables differed in the non-AKI and AKI

groups.
Table 1.
Descriptive analysis and comparison between non-AKI and AKI groups (n = 34)
non-AKI (n = 32) AKI (n=2) p-value
Average Age 62.18 £ 15.22 58.5+.71 p=.732
Gender (% of female) 43.75 50 p=.863
ASA 2.94 + 44 3 p=.836

Anesthesia time (minutes) 302.69 + 130.73 218 £2.83 p=.369




This project did not find any statistically significant (p = < 0.05) difference in AKI by

age, gender, ASA score, or procedure time in patients who experienced hypotension.
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CHAPTER 5: DISCUSSION
Implications for Practice

This project found a low incidence of AKI in patients who experienced hypotension
during robotic surgery incorporating an ERP at AH CMC. This finding does not reflect what is
suggested in previous literature and may not be reliable due to a limited sample size or periods of
hypotension that were addressed quickly enough that AKI did not occur. Considering the
supporting literature that has suggested the correlation between intraoperative hypotension and
AKI, anesthesia providers should still exercise extreme vigilance in managing intraoperative
blood pressure variations to maintain adequate perfusion to the kidneys.

An alternative method of monitoring blood pressure and fluid volume is the use of
invasive intra-arterial monitors. These produce continuous measures that the anesthesia provider
can quickly respond to changes. However, there are risks to this kind of monitoring such as
temporary vascular occlusion, ischemia, hematoma, nerve damage, infection, and sepsis (Nuttall
et al., 2016). In addition, this kind of monitoring is more costly than NIBP and therefore may
need to only be recommended for high-risk patients.

Although recommendations vary for blood pressure goals under anesthesia, it is widely
recommended to maintain blood pressure within 20 percent of the patient’s baseline and MAPs
of at least 65 mmHg and systolic pressures greater than 100 mmHg (London, 2022). Patients
with chronic hypertension or other comorbidities may require higher goals for adequate organ
perfusion.

Furthermore, the frequency in which the readings are taken and recorded are often left to

the discretion of the anesthesia provider. Reviewing institution guidelines and chart audits on
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how often intraoperative blood pressures are measured may be one way to address increased
awareness of changes.
Limitations

There were several limitations to this project. The available data pool was limited in size
due to a recent switch in EHR at Atrium Health CMC Main. Only the case records that were on
the new EHR system, starting May 2022, were accessible limiting the sample size. The EHR was
limited in identifying the utilization of ERPs. The “multimodal” filter thus may have not
provided a sufficient stratification of patients undergoing an ERP. The sample size was further
limited by inconsistency in available measured preoperative and postoperative creatinine levels.
Additionally, some of the common robotic procedures performed could not be included in the
project. Many of the gynecological procedures were not included because the patients were not
admitted long enough to get a post-operative creatinine value. Urology and prostate surgery are
common robotic procedures, but these patients were not included due to the surgery’s direct
interference with the renal system anatomy.
Recommendations

Evidence surrounding the dangers of intraoperative hypotension continues to grow and
the occurrence of hypotension during surgery is a potential risk factor for patients experiencing
AKI. A larger study and sample size would provide more data points and potentially more
conclusive and statistically significant results. The inclusion of a control group that did not
experience hypotension would provide a baseline to better analyze the relationships.

This subproject in combination with the other parts of a larger project begin the process
of exploring the variables at AH CMC to affect the incidence of AKI. Because the robotic ERP

population has been identified as a practice problem, it is recommended that institution
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guidelines be created that identifies patients undergoing these procedures that could be at higher
risk for hypotension or AKI. The development of an assessment risk tool could also indicate the
need for closer monitoring, such as with invasive intraarterial blood pressure measurement.
Conclusion

AKI is an adverse event that has been associated with intraoperative hypotension. Factors
surrounding robotic surgeries and enhanced recovery protocols may contribute to intraoperative
hypotension. This project found a low incidence of AKI in patients undergoing robotic surgery
with an enhanced recovery protocol and who experienced an episode of hypotension. There was
no statistical significance between AKI and age, gender, ASA class, or anesthesia time.

However, AKI in this patient population requires continued investigation.
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APPENDIX A: FORMULA TO CALCULATE MEAN ARTERIAL PRESSURE (MAP)

MAP = (systolic blood pressure + (2 x diastolic blood pressure))
3
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APPENDIX B: SAMPLE DATA FORM
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Patient # | Surgery | Anesthesia Surgical Age | Gender | ASA score | Preop Cr | Postop Cr | Difference in Cr
Date time service

1

2

3

Etc.
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APPENDIX D: WAKE FOREST/ATRIUM HEALTH IRB APPROVAL

MEMORANDUM

To: Elena Meadows
Clinical and Translational Science Institute {CTSI}

From: Jeannie Sekits, Senior Protocol Analyst
Institutional Review Board

Date: 7/12/2022

Subject:  Not Human Subjects Research: IRB00086555
Enhanced Recovery after Robotic Surgery & Acute Kidney Injury

The Wake Forest University School of Medicine Institutional Review Board has reviewed your protocol
and determined that it does not meet the federal definition of research involving human subject research
as outlined in the federal regulations 45 CFR 46. 45 CFR 46.102(f) defines human subjects as “a living
individual about whom an investigator (whether professional or student) conducting research obtains (1)
data through intervention or interaction with the individual, or (2) identifiable private information.”

The information you are receiving is not individually identifiable. In recent guidance published by the
Office of Human Research Protections (OHRP) on the Guidance on Research Involving Coded Private
Information or Biological Specimens, OHRP emphasizes the importance on what is being obtained by the
investigator and states “if investigators are not obtaining either data through intervention or interaction
with living individuals, or identifiable private information, then the research activity does not involve
human subjects.”

Note that only the Wake Forest University School of Medicine IRB can make the determination for its
investigators that a research study does not meet the federal definition of human subject research.
Investigators do not have the authority to make an independent determination that a study does not meet
the federal requirements for human subject research. Each project requires a separate review and
determination by the Board. The Board must be informed of any changes to this project, so that the
Board can determine whether it continues to not meet the federal requirements for human subject
research. If you have any questions or concerns about this information, please feel free to contact our
office at 716-4542.
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APPENDIX E: UNCC APPROVAL

c CHARLOTTE DIVISION OF RESEARCH

To: Ana Arias
University of North Carolina at Charlotte

From: Office of Research Protections and Integrity

Date: 27-Jul-2022

RE: Determination that Research is not Human Subjects and does not require IRB
Approval

Study #: IRB-23-0030

Study Title: Enhanced Recovery After Robotic Surgery & Acute Kidney Injury

This submission was reviewed by the Office of Research Protections and Integrity, which has determined that
this submission does not constitute human subjects as defined under federal regulations 45 CFR 46.102(e) and
21 CFR 56.102(e) and does not require IRB approval.

Study Description:

This quality improvement (Ql) project was chosen by the Safety and Quality Coordinator for the Anesthesia
Department at Atrium Health (AH) Main facility. This project will look specifically at factors leading to acute kidney
injury (AKI) in robotic surgeries with early recovery after surgery (ERAS) protocols at AH Main. In 2018, AKI was
the most common complication in colorectal and abdominal surgeries at AH Main, and the fourth most common
complication in gynecologic surgeries. The three team members will each be looking at a specific variable that
could be affecting AKI development. The variables being examined are stroke volume variation (SVV),
hypotension, and non-steroidal anti-inflammatory (NSAID) administration. These variables were chosen because
they are all within the control of the anesthesia provider during the perioperative period. This QI project uses a
retrospective, correlational design. Data will be collected via electronic health record (EHR) review and stored in
the RedCap secure database. Patients will be deidentified in RedCap- medical record number (MRN), name, and
any other identifying information will not be stored. The data that will be recorded is patient age, patient gender,
surgical procedure, preoperative creatinine value, postoperative creatinine value, average SVV, minutes with
MAP <65, and NSAID dose administered. The comparison of preoperative creatinine and postoperative
creatinine will be used to determine if an AKI occurred within the 48-hour postoperative period.

Please be aware that approval may still be required from other relevant authorities or "gatekeepers" (e.g., school
principals, facility directors, custodians of records), even though IRB approval is not required.

If your study protocol changes in such a way that this determination will no longer apply, you should contact the
above IRB before making the changes.



