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Abstract
Point of care ultrasonography (POCUS) is emerging as an invaluable tool for 
guiding patient care at the bedside, providing real-time diagnostic information to 
clinicians. Today, POCUS is recognized as the fifth pillar of bedside clinical 
examination, alongside inspection, palpation, percussion, and auscultation. In 
spite of growing interest, the adoption of diagnostic POCUS in nephrology 
remains limited, and comprehensive training beyond kidney ultrasound is offered 
in only a few fellowship programs. Moreover, several misconceptions and barriers 
surround the integration of POCUS into day-to-day nephrology practice. These 
include myths about its scope, utility, impact on patient outcomes and legal 
implications. In this minireview, we address some of these issues to encourage 
wider and proper utilization of POCUS.

Key Words: Ultrasound; Point of care ultrasonography; Doppler; Congestion; Hemo-
dynamics; Nephrology
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Core Tip: Nephrologists frequently encounter challenges in assessing fluid volume status 
in their daily practice, and point of care ultrasonography (POCUS) can significantly 
enhance the sensitivity of traditional physical examination in such scenarios. Not only 
does POCUS aid in swift diagnosis, but it also reduces fragmentation of care. While it 
may obviate the need for additional imaging studies in specific cases, it should not be 
considered a replacement for comprehensive consultative imaging. The effectiveness of 
POCUS largely relies on the proficiency and experience of the operator, which, in turn, 
is influenced by the quality of training provided.
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INTRODUCTION
Point of care ultrasonography (POCUS) is a focused ultrasound examination performed by the treating clinician at the 
bedside to address specific questions that aid in guiding patient management[1]. Ultrasonography itself has been a 
trusted imaging modality for several decades. During the 1980s, the development of real-time ultrasound revolutionized 
the way sonographic images were viewed, eliminating any lag between signal generation and image display. This 
breakthrough created new opportunities for physicians to perform bedside ultrasound evaluations of trauma patients in 
emergency settings, leading to the evolution of the POCUS we recognize today[2]. With ongoing technological 
advancements and the miniaturization of ultrasound devices, POCUS has gained significant momentum in the recent 
past emerging as the fifth pillar of physical examination alongside traditional four pillars, namely inspection, palpation, 
percussion, and auscultation. As such, it is being incorporated into medical school curricula. According to a 2019 survey, 
over 70% of the responding medical schools in the United States reported having a formal POCUS curriculum. 
Interestingly, 73.8% of these schools have integrated POCUS into basic science courses, highlighting its role in 
establishing a strong foundation in anatomy and physiology before entering the clinical years[3]. Despite growing 
interest, the adoption of diagnostic POCUS in nephrology remains sparse and comprehensive training beyond kidney 
ultrasound is only offered by a few select fellowship programs[4]. This has two significant implications for the near 
future. Firstly, prospective nephrology fellows who already received basic POCUS training and anticipate learning 
specialty-specific POCUS applications during their fellowship are left disappointed. This negatively impacts the already 
dwindling interest in nephrology as a career choice. Secondly, when fellows with some POCUS training use it during 
rounds, it can create confusion in the clinical decision-making process if the supervising physicians are unfamiliar with 
the findings. In addition to the lack of trained faculty, several misconceptions surrounding the use of POCUS hinder its 
widespread adoption. In this minireview, we aim to dispel common myths associated with integrating POCUS into day-
to-day nephrology practice.

Myth: Pocus is the same as a comprehensive ultrasound study performed by the radiology department
POCUS constitutes limited ultrasound examinations performed by the clinician at the patient’s bedside, with the specific 
purpose of answering “focused questions” to confirm a suspected diagnosis or narrow down the differential. Examples of 
such questions include, “Does this patient with acute kidney injury (AKI) have hydronephrosis?”, “Does this patient with 
intra-dialytic hypotension have pericardial effusion?”, or “Is this location of arteriovenous fistula suitable for 
cannulation?”. On the other hand, comprehensive referral ultrasound studies performed by the radiology or cardiology 
departments involve a thorough assessment of an anatomical region, documenting predefined parameters and 
measurements. In addition, POCUS reduces fragmentation of care by allowing multiple evaluations performed during 
the same study. For example, a nephrologist evaluating a patient with suspected congestive nephropathy can assess 
cardiac function, right atrial pressure, presence or absence of venous congestion, pleural effusion, and ascites in a few 
minutes at bedside[5,6]. In contrast, without POCUS, obtaining answers to the same questions would require ordering a 
multitude of studies, including an echocardiogram, a chest radiograph, an abdominal sonogram, and a duplex study of 
the right upper quadrant and kidney. This process would consume significant time and resources, more so when 
repeating an entire study to follow one or two imaging parameters (e.g., improvement in Doppler stigmata of venous 
congestion). With that being said, POCUS users need to use their clinical judgement in order to decide when a focused 
examination would suffice and when a more extensive assessment may be necessary to make accurate and informed 
clinical decisions. For instance, while a nephrologist using POCUS might be able to detect mitral regurgitation as a 
potential cause for unilateral pulmonary edema, accurately grading the lesion and providing detailed information related 
to mitral valve surgery would be beyond their expertise. Likewise, while a POCUS user may suspect renal artery stenosis 
based on the intrarenal Doppler waveform, performing a comprehensive evaluation would be time-consuming and 
necessitates skill levels beyond typical POCUS training (Figure 1).

Myth: Pocus is unnecessary if we improve training in conventional physical examination skills
It is true that physical examination skills are declining among physicians[7,8]. However, a less acknowledged aspect is 
that the diagnostic accuracy of physical examination is limited[9-12]. The so-called ‘classic’ signs and symptoms were 
described in an era when late-stage presentations were common, often occurring after the onset of significant symptoms. 
As a result, there is a need for a more sensitive bedside tool to detect pathology earlier, before substantial organ damage 
has occurred, and to provide timely guidance for patient management. Therefore, it is essential not only to enhance the 
instruction of physical examination skills but also to augment them by incorporating POCUS. It is now well-established 
that POCUS significantly improves the sensitivity of physical examination. For instance, in a study including 32 patients 
with acute respiratory distress syndrome, lung ultrasound demonstrated a diagnostic accuracy of 93% for pleural 
effusion, 97% for alveolar consolidation, and 95% for alveolar-interstitial syndrome. In comparison, the accuracy of 
auscultation in detecting these abnormalities was much lower, at 61%, 36%, and 55%, respectively[13]. Similarly, in a 
study involving 926 critically ill patients admitted to the intensive care unit, it was observed that 51% of those with 
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Figure 1 Intrarenal Doppler. A and B: Intrarenal Doppler demonstrated normal waveforms (A), tardus parvus (B) waveform in a case of suspected renal artery 
stenosis that should warrant further investigations such as radiology-performed Doppler ultrasonography and/or magnetic resonance angiography. A and B: Citation: 
Batool A, Chaudhry S, Koratala A. Transcending boundaries: Unleashing the potential of multi-organ point-of-care ultrasound in acute kidney injury. World J Nephrol 
2023; 12: 93-103. Copyright© The Authors 2023. Published by Baishideng Publishing Group Inc (corresponding author’s prior open access publication).

pulmonary edema on lung POCUS showed normal findings on auscultation[14]. Moreover, the incorporation of POCUS 
has demonstrated significant improvements in diagnostic capabilities for common cardiac conditions[15-17]. These 
observations are very much relevant to nephrologists who frequently rely on physical examination to assess volume 
status and adjust ultrafiltration goals or diuretic therapy. Furthermore, certain applications such as ruling out obstructive 
uropathy or evaluating venous blood flow patterns to guide decongestive therapy, cannot be achieved through conven-
tional examination methods regardless of clinicians’ skill level. Figure 2 depicts a scenario in which a patient with heart 
failure and AKI received intravenous fluids under the assumption of overdiuresis, given the absence of pedal edema or 
shortness of breath. Nevertheless, POCUS revealed a dilated inferior vena cava and significantly pulsatile portal vein, 
indicating severe venous congestion. In response to these findings, intravenous diuretics were administered, leading to 
an improvement in serum creatinine levels.

Myth: The scope of nephrologist-performed pocus is confined to kidney ultrasound
The scope of POCUS depends on two main factors: Physician’s competency and the relevance of a specific sonographic 
application to the physician’s specialty. There is little debate about the relevance of kidney and urinary bladder 
ultrasound for nephrologists, as they are expected to diagnose structural abnormalities of the kidneys and integrate this 
information into clinical decision-making[18]. However, in real-life situations, consulting teams often order a formal renal 
sonogram before seeking nephrology input in cases of AKI. Therefore, while nephrologist-performed urinary tract 
POCUS can be beneficial, its utility is limited to specific scenarios, such as avoiding patients’ referral to radiology to get 
an ultrasound in the outpatient setting or diagnosing Foley catheter obstruction in a patient with sudden decrease in 
urine output, among others. A significant portion of a nephrologist’s time on a consultation service is devoted to 
managing patients with complex fluid and electrolyte disorders. Therefore, it is conceivable that the assessment of 
volume status using POCUS is vital in nephrology practice. As outlined in prior publications, incorporating multi-organ 
POCUS, which includes focused cardiac ultrasound, lung ultrasound, and Doppler assessment of systemic veins, greatly 
assists in evaluating cases of hemodynamic AKI[5,19,20]. This is especially valuable in addressing common diagnostic 
challenges such as hepatorenal dysfunction[21]. In addition, POCUS facilitates assessment of acute abnormalities of 
arteriovenous access in the dialysis unit and thereby guides appropriate management. Figure 3 outlines the sonographic 
applications commonly used in nephrology practice. The next question is whether nephrologists are permitted to perform 
multi-organ POCUS. The answer is yes. In 1999, the American Medical Association House of Delegates passed a 
resolution (H-230.960; reaffirmed 2020) stating that “ultrasound imaging is within the scope of practice of appropriately 
trained physicians”[22]. Additionally, each hospital’s medical staff should review and approve criteria for granting 
ultrasound privileges, taking into account physicians’ background and training in accordance with recommendations 
developed by their respective specialty societies. Hence it is clear that the ability to perform POCUS is not determined by 
the physician’s specialty but rather by their training and competency. Currently, nephrologists have access to multiple 
certification opportunities tailored to their skill levels though development of specialty-specific universal competency 
standards remains a work in progress[23].

Myth: Pocus should be incorporated only if it enhances patient survival
POCUS is often criticized for the lack of robust data demonstrating its direct impact on mortality. However, it is essential 
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Figure 2 A case of discrepant clinical and point of care ultrasonography findings. A: Absent pedal edema; B: Plethoric inferior vena cava suggestive 
of elevated right atrial pressure; C: Pulsatile portal vein Doppler with flow reversal indicative of severe venous congestion.

Figure 3 Scope of nephrology-related point of care ultrasonography: Organ-specific focused questions that can be answered by bedside 
ultrasonography. Those marked with asterisk (*) indicate advanced sonographic applications requiring a higher operator skill level/additional training. COVID-19: 
Coronavirus disease 2019; LV: Left ventricle; LVH: Left ventricular hypertrophy; IVC: Inferior vena cava; RV: Right ventricle. Citation: Koratala A, Reisinger N. 
POCUS for Nephrologists: Basic Principles and a General Approach. Kidney360 2021; 2: 1660-1668. Copyright © 2021 by the American Society of Nephrology. The 
authors have obtained the permission for figure using from the Wolters Kluwer Health, Inc (Supplementary material).

https://f6publishing.blob.core.windows.net/729e9cfd-fcf2-42ce-b51e-e9c92175184b/WJN-12-112-supplementary-material.pdf


Koratala A et al. POCUS in nephrology

WJN https://www.wjgnet.com 116 December 25, 2023 Volume 12 Issue 5

to remember that POCUS is a diagnostic aid. For a meaningful effect on mortality, it needs to be combined with 
treatments that have the ability to improve patient survival. As a diagnostic test, POCUS is expected to have better 
diagnostic accuracy compared to conventional methods, which it does as discussed above. Nevertheless, POCUS findings 
do have a significant impact on several clinically relevant and measurable outcomes such as time to diagnosis, need for 
imaging studies, healthcare cost burden, and patient satisfaction. For instance, in a systematic review and meta-analysis 
including 5393 patients with dyspnea, the time to correct diagnosis and treatment were significantly shorter in the 
POCUS group compared to those receiving conventional care (mean difference -63 min and -27 min respectively). 
Interestingly, patients in the POCUS group had significantly higher odds of receiving appropriate therapy vs controls 
(odds ratio = 2.31; 95% confidence interval: 1.61-3.32). Further, the length of stay in the intensive care unit was 
significantly shorter in the group managed using POCUS (mean difference -1.27 d)[24]. This clinical scenario is pertinent 
to nephrologists as they are often responsible for managing patients with dyspnea related to fluid overload. The ability to 
quickly differentiate between dyspnea caused by fluid accumulation and other potential causes is crucial in guiding 
appropriate interventions. Similarly, POCUS-guided management has shown to reduce the number of subsequent 
imaging studies including chest radiographs, echocardiograms and computed tomography scans thereby having a 
favorable impact on the healthcare costs[25,26]. Likewise, in hemodialysis patients, POCUS-guided titration of 
ultrafiltration has demonstrated more significant reductions in left ventricular filling pressures, cardiac chamber 
dimensions and ambulatory blood pressure readings, indicating an effective treatment approach[27,28]. With respect to 
patient-reported outcomes, there is increasing evidence that POCUS enhances patient satisfaction and facilitates better 
understanding of their diagnosis[29,30]. This is of particular interest to nephrologists, as they must adeptly communicate 
dietary restrictions and medication adherence to asymptomatic patients. In this context, discussing and presenting 
POCUS images to patients could prove effective[31]. The fundamental responsibility of a physician is to make accurate 
diagnoses through thoughtful integration of history and physical examination findings. It is illogical to forgo the use of 
improved bedside diagnostic tools merely because there may not be a treatment that directly impacts mortality.

Myth: Acquiring competency in pocus is a fast and simple process
POCUS comprises three essential components: Image acquisition, interpretation, and clinical integration. Competency in 
POCUS means being proficient in all these aspects. In medical school, students typically receive longitudinal instruction 
in physical examination, starting from the first year, progressing from normal findings to abnormal findings, and finally, 
correlating these findings clinically to arrive at a diagnosis and develop a management plan. As such, it is logical to 
assume that achieving competency in POCUS cannot be accomplished just by attending a short course. It requires 
persistent practice under the guidance of experts, if possible, or at the very least, cross-checking findings with the reports 
of formal imaging studies till the learner is consistently able to obtain images of acceptable quality and independently 
interpret them. The duration of training can vary significantly based on the specific sonographic applications and the 
level of expertise needed. For instance, mastering Doppler echocardiography takes considerably more time compared to 
learning how to obtain basic cardiac views. As expected, the literature documents highly variable training durations, 
ranging from 4-320 h according to a systematic review[32]. Merely attending training sessions does not ensure 
competence. It must be assessed through various methods, such as knowledge checks, objective structured clinical 
examinations, standardized direct observation tools and periodic quality assessments. In addition, a benchmark of a 
minimum number of scans to be performed is commonly used when determining certification criteria or granting 
hospital privileges for POCUS. For example, the American College of Emergency Physicians policy statement on 
emergency ultrasound recommends that a trainee should perform a minimum of 25-50 quality-reviewed ultrasounds per 
core application and a total of 150-300 scans as part of POCUS training[33]. These recommendations are widely adopted 
by hospital credentialing committees and other POCUS-performing specialties albeit with necessary modifications 
depending on the scope of practice. In nephrology, current expert recommendation includes a minimum of 25 quality-
reviewed scans per basic application (e.g., kidney, focused cardiac, lung, vascular access) and 50 per advanced application 
(e.g., Doppler cardiac, systemic venous Doppler, arteriovenous fistula flow assessment)[34]. To summarize, mastering 
POCUS is a gradual and long-term process, and physicians should plan for a stepwise learning approach. Additionally, it 
is crucial to be aware of both personal limitations and the limitations of the equipment being used (e.g., handheld 
ultrasound device vs a traditional portable machine) when interpreting the scans to avoid misdiagnosis or missing 
significant findings. All these factors must be taken into consideration when nephrology faculty are considering starting a 
POCUS training program at their institutions. Division leadership should acknowledge the significant time commitment 
involved and allocate the necessary resources to support the initiative. Figure 4 depicts essential elements for 
implementing a robust POCUS program within an institution.

Myth: Pocus has limited utility because of its operator-dependent nature
POCUS is frequently criticized for its operator-dependent nature, but this limitation is intrinsic to ultrasonography as an 
imaging method in general irrespective of who performs it (e.g., a nephrologist or a professional sonographer or a 
radiologist). In contrast to other imaging modalities such as CT or magnetic resonance imaging with standardized image 
acquisition, obtaining optimal images relies on the expertise of the person performing ultrasound. Therefore, it is not a 
POCUS-specific (clinician-performed ultrasound) limitation. In reality, nearly every aspect of physician-patient 
interaction, such as history-taking, physical examination, and interpreting laboratory data, is operator-dependent. The 
emphasis should be on providing proper training to the operator rather than blaming the modality itself.

Myth: Incorporating pocus makes physicians more susceptible to lawsuits
The fear of misinterpreting findings or overlooking incidental findings, which could lead to adverse legal actions, is 
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Figure 4 Flow chart depicting the key elements of establishing a point of care ultrasonography program at the institutional level. POCUS: 
Point of care ultrasonography. Citation: Koratala A, Reisinger N. POCUS for Nephrologists: Basic Principles and a General Approach. Kidney360 2021; 2: 1660-1668. 
Copyright © 2021 by the American Society of Nephrology. The authors have obtained the permission for figure using from the Wolters Kluwer Health, Inc (
Supplementary material).

frequently seen as a hindrance to the adoption of POCUS in nephrology practice[35]. Several studies have examined 
lawsuits involving POCUS performed by various specialties. However, to date, no study has indicated that missed 
findings on focused or limited ultrasound scans resulted in adverse legal action against physicians. Instead, the research 
suggests that adverse legal action is more commonly associated with failure to perform POCUS in a timely manner when 
required[36-40]. In this context, implementing a hospital wide system for archiving POCUS images and standardizing the 
reporting of findings can be beneficial. Such a system streamlines the process of providing timely feedback to trainees, 
facilitates billing procedures, and allows for seeking expert opinion when uncertainty arises.

CONCLUSION
In conclusion, POCUS serves as a valuable addition to nephrologists’ toolkit, enhancing bedside diagnosis. However, it is 
essential to remember that no matter how advanced the technology is, it cannot replace astute clinical judgment and the 
appropriate integration of clinical information. This rule applies to POCUS as well, because any oversight in attention to 
details, improper technique, or misinterpretation of findings may lead to inappropriate patient management. As such, 
professional organizations should collaborate in developing guidelines for training and accreditation processes. Future 
studies should focus on assessing the impact of structured longitudinal curricula on learners’ competency and 
establishing protocols for the optimal use of POCUS in various nephrology-related clinical scenarios.

FOOTNOTES
Author contributions: Koratala A designed and drafted the manuscript; Kazory A reviewed and revised the manuscript for critical 
intellectual content.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Abhilash Koratala 0000-0001-5801-3574; Amir Kazory 0000-0001-8853-0572.

https://f6publishing.blob.core.windows.net/729e9cfd-fcf2-42ce-b51e-e9c92175184b/WJN-12-112-supplementary-material.pdf
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-5801-3574
http://orcid.org/0000-0001-5801-3574
http://orcid.org/0000-0001-8853-0572
http://orcid.org/0000-0001-8853-0572


Koratala A et al. POCUS in nephrology

WJN https://www.wjgnet.com 118 December 25, 2023 Volume 12 Issue 5

S-Editor: Wang JJ 
L-Editor: A 
P-Editor: Chen YX

REFERENCES
1 Díaz-Gómez JL, Mayo PH, Koenig SJ. Point-of-Care Ultrasonography. N Engl J Med 2021; 385: 1593-1602 [PMID: 34670045 DOI: 

10.1056/NEJMra1916062]
2 Kendall JL, Hoffenberg SR, Smith RS. History of emergency and critical care ultrasound: the evolution of a new imaging paradigm. Crit Care 

Med 2007; 35: S126-S130 [PMID: 17446770 DOI: 10.1097/01.CCM.0000260623.38982.83]
3 Nicholas E, Ly AA, Prince AM, Klawitter PF, Gaskin K, Prince LA. The Current Status of Ultrasound Education in United States Medical 

Schools. J Ultrasound Med 2021; 40: 2459-2465 [PMID: 33448471 DOI: 10.1002/jum.15633]
4 Koratala A, Olaoye OA, Bhasin-Chhabra B, Kazory A. A Blueprint for an Integrated Point-of-Care Ultrasound Curriculum for Nephrology 

Trainees. Kidney360 2021; 2: 1669-1676 [PMID: 35372975 DOI: 10.34067/KID.0005082021]
5 Turk M, Robertson T, Koratala A. Point-of-care ultrasound in diagnosis and management of congestive nephropathy. World J Crit Care Med 

2023; 12: 53-62 [PMID: 37034023 DOI: 10.5492/wjccm.v12.i2.53]
6 Bhasin-Chhabra B, Koratala A. Point of care ultrasonography in onco-nephrology: A stride toward better physical examination. World J 

Nephrol 2023; 12: 29-39 [PMID: 37035508 DOI: 10.5527/wjn.v12.i2.29]
7 Johnson JE, Carpenter JL. Medical house staff performance in physical examination. Arch Intern Med 1986; 146: 937-941 [PMID: 3963985 

DOI: 10.1001/archinte.1986.00360170163023]
8 St Clair EW, Oddone EZ, Waugh RA, Corey GR, Feussner JR. Assessing housestaff diagnostic skills using a cardiology patient simulator. 

Ann Intern Med 1992; 117: 751-756 [PMID: 1416578 DOI: 10.7326/0003-4819-117-9-751]
9 Miglioranza MH, Gargani L, Sant'Anna RT, Rover MM, Martins VM, Mantovani A, Weber C, Moraes MA, Feldman CJ, Kalil RA, Sicari R, 

Picano E, Leiria TL. Lung ultrasound for the evaluation of pulmonary congestion in outpatients: a comparison with clinical assessment, 
natriuretic peptides, and echocardiography. JACC Cardiovasc Imaging 2013; 6: 1141-1151 [PMID: 24094830 DOI: 
10.1016/j.jcmg.2013.08.004]

10 Breidthardt T, Moreno-Weidmann Z, Uthoff H, Sabti Z, Aeppli S, Puelacher C, Stallone F, Twerenbold R, Wildi K, Kozhuharov N, Wussler 
D, Flores D, Shrestha S, Badertscher P, Boeddinghaus J, Nestelberger T, Gimenez MR, Staub D, Aschwanden M, Lohrmann J, Pfister O, 
Osswald S, Mueller C. How accurate is clinical assessment of neck veins in the estimation of central venous pressure in acute heart failure? 
Insights from a prospective study. Eur J Heart Fail 2018; 20: 1160-1162 [PMID: 29314487 DOI: 10.1002/ejhf.1111]

11 Martindale JL, Wakai A, Collins SP, Levy PD, Diercks D, Hiestand BC, Fermann GJ, deSouza I, Sinert R. Diagnosing Acute Heart Failure in 
the Emergency Department: A Systematic Review and Meta-analysis. Acad Emerg Med 2016; 23: 223-242 [PMID: 26910112 DOI: 
10.1111/acem.12878]

12 Torino C, Gargani L, Sicari R, Letachowicz K, Ekart R, Fliser D, Covic A, Siamopoulos K, Stavroulopoulos A, Massy ZA, Fiaccadori E, 
Caiazza A, Bachelet T, Slotki I, Martinez-Castelao A, Coudert-Krier MJ, Rossignol P, Gueler F, Hannedouche T, Panichi V, Wiecek A, 
Pontoriero G, Sarafidis P, Klinger M, Hojs R, Seiler-Mussler S, Lizzi F, Siriopol D, Balafa O, Shavit L, Tripepi R, Mallamaci F, Tripepi G, 
Picano E, London GM, Zoccali C. The Agreement between Auscultation and Lung Ultrasound in Hemodialysis Patients: The LUST Study. 
Clin J Am Soc Nephrol 2016; 11: 2005-2011 [PMID: 27660305 DOI: 10.2215/CJN.03890416]

13 Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ. Comparative diagnostic performances of auscultation, chest 
radiography, and lung ultrasonography in acute respiratory distress syndrome. Anesthesiology 2004; 100: 9-15 [PMID: 14695718 DOI: 
10.1097/00000542-200401000-00006]

14 Cox EGM, Koster G, Baron A, Kaufmann T, Eck RJ, Veenstra TC, Hiemstra B, Wong A, Kwee TC, Tulleken JE, Keus F, Wiersema R, van 
der Horst ICC; SICS Study Group. Should the ultrasound probe replace your stethoscope? A SICS-I sub-study comparing lung ultrasound and 
pulmonary auscultation in the critically ill. Crit Care 2020; 24: 14 [PMID: 31931844 DOI: 10.1186/s13054-019-2719-8]

15 Panoulas VF, Daigeler AL, Malaweera AS, Lota AS, Baskaran D, Rahman S, Nihoyannopoulos P. Pocket-size hand-held cardiac ultrasound as 
an adjunct to clinical examination in the hands of medical students and junior doctors. Eur Heart J Cardiovasc Imaging 2013; 14: 323-330 
[PMID: 22833550 DOI: 10.1093/ehjci/jes140]

16 Mjølstad OC, Andersen GN, Dalen H, Graven T, Skjetne K, Kleinau JO, Haugen BO. Feasibility and reliability of point-of-care pocket-size 
echocardiography performed by medical residents. Eur Heart J Cardiovasc Imaging 2013; 14: 1195-1202 [PMID: 23644936 DOI: 
10.1093/ehjci/jet062]

17 Marbach JA, Almufleh A, Di Santo P, Jung R, Simard T, McInnes M, Salameh JP, McGrath TA, Millington SJ, Diemer G, West FM, 
Domecq MC, Hibbert B. Comparative Accuracy of Focused Cardiac Ultrasonography and Clinical Examination for Left Ventricular 
Dysfunction and Valvular Heart Disease: A Systematic Review and Meta-analysis. Ann Intern Med 2019; 171: 264-272 [PMID: 31382273 
DOI: 10.7326/M19-1337]

18 Koratala A, Bhattacharya D, Kazory A. Point of care renal ultrasonography for the busy nephrologist: A pictorial review. World J Nephrol 
2019; 8: 44-58 [PMID: 31363461 DOI: 10.5527/wjcc.v8.i3.44]

19 Koratala A, Ronco C, Kazory A. Multi-Organ Point-Of-Care Ultrasound in Acute Kidney Injury. Blood Purif 2022; 51: 967-971 [PMID: 
35306497 DOI: 10.1159/000522652]

20 Romero-González G, Manrique J, Slon-Roblero MF, Husain-Syed F, De la Espriella R, Ferrari F, Bover J, Ortiz A, Ronco C. PoCUS in 
nephrology: a new tool to improve our diagnostic skills. Clin Kidney J 2023; 16: 218-229 [PMID: 36755847 DOI: 10.1093/ckj/sfac203]

21 Koratala A, Reisinger N. Point of Care Ultrasound in Cirrhosis-Associated Acute Kidney Injury: Beyond Inferior Vena Cava. Kidney360 
2022; 3: 1965-1968 [PMID: 36514396 DOI: 10.34067/KID.0005522022]

22 AMA.   H-230.960 Privileging for Ultrasound Imaging. [cited 10 June 2023]. Available from: https://policysearch.ama-assn.org/policyfinder/
detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml

23 Nephropocus.   How to get certified in POCUS? [cited 10 June 2023]. Available from: https://nephropocus.com/2020/11/05/how-to-get-
certified-in-pocus/

http://www.ncbi.nlm.nih.gov/pubmed/34670045
https://dx.doi.org/10.1056/NEJMra1916062
http://www.ncbi.nlm.nih.gov/pubmed/17446770
https://dx.doi.org/10.1097/01.CCM.0000260623.38982.83
http://www.ncbi.nlm.nih.gov/pubmed/33448471
https://dx.doi.org/10.1002/jum.15633
http://www.ncbi.nlm.nih.gov/pubmed/35372975
https://dx.doi.org/10.34067/KID.0005082021
http://www.ncbi.nlm.nih.gov/pubmed/37034023
https://dx.doi.org/10.5492/wjccm.v12.i2.53
http://www.ncbi.nlm.nih.gov/pubmed/37035508
https://dx.doi.org/10.5527/wjn.v12.i2.29
http://www.ncbi.nlm.nih.gov/pubmed/3963985
https://dx.doi.org/10.1001/archinte.1986.00360170163023
http://www.ncbi.nlm.nih.gov/pubmed/1416578
https://dx.doi.org/10.7326/0003-4819-117-9-751
http://www.ncbi.nlm.nih.gov/pubmed/24094830
https://dx.doi.org/10.1016/j.jcmg.2013.08.004
http://www.ncbi.nlm.nih.gov/pubmed/29314487
https://dx.doi.org/10.1002/ejhf.1111
http://www.ncbi.nlm.nih.gov/pubmed/26910112
https://dx.doi.org/10.1111/acem.12878
http://www.ncbi.nlm.nih.gov/pubmed/27660305
https://dx.doi.org/10.2215/CJN.03890416
http://www.ncbi.nlm.nih.gov/pubmed/14695718
https://dx.doi.org/10.1097/00000542-200401000-00006
http://www.ncbi.nlm.nih.gov/pubmed/31931844
https://dx.doi.org/10.1186/s13054-019-2719-8
http://www.ncbi.nlm.nih.gov/pubmed/22833550
https://dx.doi.org/10.1093/ehjci/jes140
http://www.ncbi.nlm.nih.gov/pubmed/23644936
https://dx.doi.org/10.1093/ehjci/jet062
http://www.ncbi.nlm.nih.gov/pubmed/31382273
https://dx.doi.org/10.7326/M19-1337
http://www.ncbi.nlm.nih.gov/pubmed/31363461
https://dx.doi.org/10.5527/wjcc.v8.i3.44
http://www.ncbi.nlm.nih.gov/pubmed/35306497
https://dx.doi.org/10.1159/000522652
http://www.ncbi.nlm.nih.gov/pubmed/36755847
https://dx.doi.org/10.1093/ckj/sfac203
http://www.ncbi.nlm.nih.gov/pubmed/36514396
https://dx.doi.org/10.34067/KID.0005522022
https://policysearch.ama-assn.org/policyfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml
https://policysearch.ama-assn.org/policyfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml
https://nephropocus.com/2020/11/05/how-to-get-certified-in-pocus/
https://nephropocus.com/2020/11/05/how-to-get-certified-in-pocus/


Koratala A et al. POCUS in nephrology

WJN https://www.wjgnet.com 119 December 25, 2023 Volume 12 Issue 5

24 Szabó GV, Szigetváry C, Szabó L, Dembrovszky F, Rottler M, Ocskay K, Madzsar S, Hegyi P, Molnár Z. Point-of-care ultrasound improves 
clinical outcomes in patients with acute onset dyspnea: a systematic review and meta-analysis. Intern Emerg Med 2023; 18: 639-653 [PMID: 
36310302 DOI: 10.1007/s11739-022-03126-2]

25 Brogi E, Bignami E, Sidoti A, Shawar M, Gargani L, Vetrugno L, Volpicelli G, Forfori F. Could the use of bedside lung ultrasound reduce the 
number of chest x-rays in the intensive care unit? Cardiovasc Ultrasound 2017; 15: 23 [PMID: 28903756 DOI: 10.1186/s12947-017-0113-8]

26 Barchiesi M, Bulgheroni M, Federici C, Casella F, Medico MD, Torzillo D, Janu VP, Tarricone R, Cogliati C. Impact of point of care 
ultrasound on the number of diagnostic examinations in elderly patients admitted to an internal medicine ward. Eur J Intern Med 2020; 79: 88-
92 [PMID: 32703675 DOI: 10.1016/j.ejim.2020.06.026]

27 Loutradis C, Papadopoulos CE, Sachpekidis V, Ekart R, Krunic B, Karpetas A, Bikos A, Tsouchnikas I, Mitsopoulos E, Papagianni A, 
Zoccali C, Sarafidis P. Lung Ultrasound-Guided Dry Weight Assessment and Echocardiographic Measures in Hypertensive Hemodialysis 
Patients: A Randomized Controlled Study. Am J Kidney Dis 2020; 75: 11-20 [PMID: 31732234 DOI: 10.1053/j.ajkd.2019.07.025]

28 Loutradis C, Sarafidis PA, Ekart R, Papadopoulos C, Sachpekidis V, Alexandrou ME, Papadopoulou D, Efstratiadis G, Papagianni A, London 
G, Zoccali C. The effect of dry-weight reduction guided by lung ultrasound on ambulatory blood pressure in hemodialysis patients: a 
randomized controlled trial. Kidney Int 2019; 95: 1505-1513 [PMID: 31027889 DOI: 10.1016/j.kint.2019.02.018]

29 Andersen CA, Brodersen J, Rudbæk TR, Jensen MB. Patients' experiences of the use of point-of-care ultrasound in general practice - a cross-
sectional study. BMC Fam Pract 2021; 22: 116 [PMID: 34144701 DOI: 10.1186/s12875-021-01459-z]

30 Mathews BK, Miller PE, Olson APJ. Point-of-Care Ultrasound Improves Shared Diagnostic Understanding Between Patients and Providers. 
South Med J 2018; 111: 395-400 [PMID: 29978223 DOI: 10.14423/SMJ.0000000000000833]

31 Koratala A. Point of Care Ultrasonography Enhanced Physical Examination: A Nephrologist's Perspective. Am J Med 2020; 133: e384-e385 
[PMID: 32600549 DOI: 10.1016/j.amjmed.2020.01.015]

32 Andersen CA, Holden S, Vela J, Rathleff MS, Jensen MB. Point-of-Care Ultrasound in General Practice: A Systematic Review. Ann Fam Med 
2019; 17: 61-69 [PMID: 30670398 DOI: 10.1370/afm.2330]

33 Ultrasound Guidelines: Emergency, Point-of-Care and Clinical Ultrasound Guidelines in Medicine. Ann Emerg Med 2017; 69: e27-e54 [PMID: 
28442101 DOI: 10.1016/j.annemergmed.2016.08.457]

34 Romero-González G, Argaiz ER, Koratala A, Ariel Gonzalez D, Vives M, Juega J, Soler-Majoral J, Graterol F, Perezpaya, Rodrigues-Chivita 
N, o Lorenzo-Ferris I, Narvaez C, Manriqe J, Morales E, Rivera-Gorrín M, Ibeas J, Bover J, Sanchez E, de Sequera P. Hacia la estandarización 
de la formación de PoCUS en nefrología: el momento es ahora. Nefrologia 2023 [DOI: 10.1016/j.nefro.2023.01.003]

35 Koratala A, Bhattacharya D, Kazory A. Harnessing Twitter polls for multi-specialty collaboration in standardizing point-of-care 
ultrasonography in nephrology. Clin Nephrol 2020; 94: 50-52 [PMID: 32324128 DOI: 10.5414/CN109946]

36 Blaivas M, Pawl R. Analysis of lawsuits filed against emergency physicians for point-of-care emergency ultrasound examination performance 
and interpretation over a 20-year period. Am J Emerg Med 2012; 30: 338-341 [PMID: 21277134 DOI: 10.1016/j.ajem.2010.12.016]

37 Stolz L, O'Brien KM, Miller ML, Winters-Brown ND, Blaivas M, Adhikari S. A review of lawsuits related to point-of-care emergency 
ultrasound applications. West J Emerg Med 2015; 16: 1-4 [PMID: 25671000 DOI: 10.5811/westjem.2014.11.23592]

38 Nguyen J, Cascione M, Noori S. Analysis of lawsuits related to point-of-care ultrasonography in neonatology and pediatric subspecialties. J 
Perinatol 2016; 36: 784-786 [PMID: 27078203 DOI: 10.1038/jp.2016.66]

39 Reaume M, Farishta M, Costello JA, Gibb T, Melgar TA. Analysis of lawsuits related to diagnostic errors from point-of-care ultrasound in 
internal medicine, paediatrics, family medicine and critical care in the USA. Postgrad Med J 2021; 97: 55-58 [PMID: 32457206 DOI: 
10.1136/postgradmedj-2020-137832]

40 Russ B, Arthur J, Lewis Z, Snead G. A review of lawsuits related to point-of-care emergency ultrasound applications. J Emerg Med 2022; 63: 
661-672 [PMID: 35953324 DOI: 10.1016/j.jemermed.2022.04.020]

http://www.ncbi.nlm.nih.gov/pubmed/36310302
https://dx.doi.org/10.1007/s11739-022-03126-2
http://www.ncbi.nlm.nih.gov/pubmed/28903756
https://dx.doi.org/10.1186/s12947-017-0113-8
http://www.ncbi.nlm.nih.gov/pubmed/32703675
https://dx.doi.org/10.1016/j.ejim.2020.06.026
http://www.ncbi.nlm.nih.gov/pubmed/31732234
https://dx.doi.org/10.1053/j.ajkd.2019.07.025
http://www.ncbi.nlm.nih.gov/pubmed/31027889
https://dx.doi.org/10.1016/j.kint.2019.02.018
http://www.ncbi.nlm.nih.gov/pubmed/34144701
https://dx.doi.org/10.1186/s12875-021-01459-z
http://www.ncbi.nlm.nih.gov/pubmed/29978223
https://dx.doi.org/10.14423/SMJ.0000000000000833
http://www.ncbi.nlm.nih.gov/pubmed/32600549
https://dx.doi.org/10.1016/j.amjmed.2020.01.015
http://www.ncbi.nlm.nih.gov/pubmed/30670398
https://dx.doi.org/10.1370/afm.2330
http://www.ncbi.nlm.nih.gov/pubmed/28442101
https://dx.doi.org/10.1016/j.annemergmed.2016.08.457
https://dx.doi.org/10.1016/j.nefro.2023.01.003
http://www.ncbi.nlm.nih.gov/pubmed/32324128
https://dx.doi.org/10.5414/CN109946
http://www.ncbi.nlm.nih.gov/pubmed/21277134
https://dx.doi.org/10.1016/j.ajem.2010.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25671000
https://dx.doi.org/10.5811/westjem.2014.11.23592
http://www.ncbi.nlm.nih.gov/pubmed/27078203
https://dx.doi.org/10.1038/jp.2016.66
http://www.ncbi.nlm.nih.gov/pubmed/32457206
https://dx.doi.org/10.1136/postgradmedj-2020-137832
http://www.ncbi.nlm.nih.gov/pubmed/35953324
https://dx.doi.org/10.1016/j.jemermed.2022.04.020


WJN https://www.wjgnet.com 120 December 25, 2023 Volume 12 Issue 5

World Journal of 

NephrologyW J N
Submit a Manuscript: https://www.f6publishing.com World J Nephrol 2023 December 25; 12(5): 120-131

DOI: 10.5527/wjn.v12.i5.120 ISSN 2220-6124 (online)

MINIREVIEWS

Cryptococcosis in kidney transplant recipients: Current 
understanding and practices

Priti Meena, Vinant Bhargava, Kulwant Singh, Jasmine sethi, Aniketh Prabhakar, Sandip panda

Specialty type: Infectious diseases

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ali A, Iraq; 
Sureshkumar KK, United States; 
Taheri S, Iran

Received: August 3, 2023 
Peer-review started: August 3, 2023 
First decision: August 24, 2023 
Revised: October 15, 2023 
Accepted: November 2, 2023 
Article in press: November 2, 2023 
Published online: December 25, 
2023

Priti Meena, Sandip panda, Department of Nephrology, All India Institute of Medical Sciences, 
Bhubaneswar 751019, Odhisha, India

Vinant Bhargava, Department of Nephrology, Sir Ganga Ram Hospital New Delhi, New Delhi 
110001, New Delhi, India

Kulwant Singh, Department of Nephrology, Ivy Hospital, Mohali Punjab, Mohali 160071, 
Punjab, India

Jasmine sethi, Department of Nephrology, Post Graduate Institute of Medical Education & 
Research, Chandigarh 160012, Punjab, India

Aniketh Prabhakar, Department of Nephrology, Consultant Nephrologist, Sigma Hospital, 
Mysore 570009, Karnataka, India

Corresponding author: Priti Meena, MBBS, MD, DNB Nephrology, FASN, Assistant professor, 
Department of Nephrology, All India Institute of Medical Sciences, Bhubaneswar 751019, 
Odisha, India. pritimn@gmail.com

Abstract
Cryptococcosis is the third most commonly occurring invasive fungal disease in 
solid organ transplant recipients (SOT). It is caused by encapsulated yeast, 
Cryptococcus species, predominantly Cryptococcus neoformans and Crypto-
coccus gattii. Though kidney transplant recipients are at the lowest risk of crypto-
coccosis when compared to other solid organ transplant recipients such as lung, 
liver or heart, still this opportunistic infection causes significant morbidity and 
mortality in this subset of patients. Mortality rates with cryptococcosis range from 
10%-25%, while it can be as high as 50% in SOT recipients with central nervous 
system involvement. The main aim of diagnosis is to find out if there is any 
involvement of the central nervous system in disseminated disease or whether 
there is only localized pulmonary involvement as it has implications for both 
prognostication and treatment. Detection of cryptococcal antigen (CrAg) in 
cerebrospinal fluid or plasma is a highly recommended test as it is more sensitive 
and specific than India ink and fungal cultures. The CrAg lateral flow assay is the 
single point of care test that can rapidly detect cryptococcal polysaccharide 
capsule. Treatment of cryptococcosis is challenging in kidney transplant reci-
pients. Apart from the reduction or optimization of immunosuppression, lipid 
formulations of amphotericin B are preferred as induction antifungal agents. 
Consolidation and maintenance are done with fluconazole; carefully monitoring 
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its interactions with calcineurin inhibitors. This review further discusses in depth the evolving developments in the 
epidemiology, pathogenesis, diagnostic assays, and management approach of cryptococcosis in kidney transplant 
recipients.

Key Words: Cryptococcosis; Kidney transplant recipients; Amphotericin B; Immunosuppression; Fluconazole
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Core Tip: Cryptococcosis is the third most common invasive fungal infection in solid organ transplant recipients. As an 
opportunistic infection, it poses substantial morbidity and mortality in kidney transplant recipients. Mortality rates for 
cryptococcosis range from 10% to 25%. In immunocompromised patients, especially in cryptococcus-endemic areas, crypto-
coccosis must be suspected and diagnosed with a low threshold. Compared to India ink and fungal cultures, tests for the 
cryptococcal antigen detection in cerebrospinal fluid or plasma test are more sensitive and specific. The management of 
cryptococcosis poses considerable difficulties, mostly done with reduction or optimization of immunosuppression in addition 
to lipid formulations of amphotericin B and fluconazole.

Citation: Meena P, Bhargava V, Singh K, sethi J, Prabhakar A, panda S. Cryptococcosis in kidney transplant recipients: Current 
understanding and practices. World J Nephrol 2023; 12(5): 120-131
URL: https://www.wjgnet.com/2220-6124/full/v12/i5/120.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i5.120

INTRODUCTION
With the advent of a successful kidney transplantation way back in 1954, we have been able to ensure good initial graft 
outcomes with potent immunosuppression. Though potent, these drugs have their own side effect profiles[1]. Amongst 
these side effects, the most profound is higher rates of infections. Fungal infections occur in 15%-42% of organ transplant 
recipients. However, newer antifungal drugs have ensured a decline in these rates, especially invasive candidate 
infection. Cryptococcal infections generally are seen in the late post-transplant period, the time when anti-fungal 
prophylaxis is stopped[2]. Majority of these infections are due to the reactivation of pre-existing latent infections. 
Mortality rates are variable ranging from 33%-40% and are highest in those with central nervous system involvement[3]. 
Calcineurin inhibitors interestingly have anti-fungal activity in vitro. Tacrolimus showed more promising antifungal 
activity compared to cyclosporin and that might be due to efflux pump inhibition which is not present in cyclosporin[4]. 
Mammalian target of rapamycin inhibitors like rapamycin, and everolimus exhibit in vitro antifungal activity[5,6]. This 
however may not be truly protective against fungal infection in the real world. Considering the high mortality and even 
higher morbidity, there is a growing need for easily available highly specific diagnostic modalities for early diagnosis and 
treatment initiation. In this manuscript, we highlight the disease burden, the latest identification tools and outcomes in 
renal allograft recipients with present-day immunosuppression and anti-fungal therapy.

MICROBIOLOGY OF CRYPTOCOCCUS
Cryptococcus is a genus of basidiomycetous fungi with more than thirty species commonly found in the environment. 
There are only two species commonly known to be pathogenic, C neoformans and C gattii. C neoformans was first 
identified as human pathogen in the late 19th century but was recognized as a common human causative organism of 
human disease in late 1970s[7]. The pathogenic yeasts can be subclassified into four serotypes based upon capsular 
agglutination reactions and are designated A, B, C or D. From a clinical prospective it is reasonable to divide cryptococcus 
into two species complexes: C neoformans (serotype A, D) and c gattii (serotype B, C)[8]. Majority of cryptococcal 
infection (around 95%) are caused by C neoformans serotype A where as only 4%-5% infections are caused by C 
neoformans serotype D or C gattii serotype B, C. C neoformans is found throughout the world in association with birds 
excreta like pigeons, environmental scavengers like amoeba and in a variety of tree species. C gattii is commonly 
associated with several species of trees in tropical and subtropical climates[9-11]. The life cycle of cryptococcus involves 
both asexual and sexual forms. The asexual form exists as haploid encapsulated yeast and reproduces by budding. The 
yeasts are the only form of cryptococcus that have isolated from human infections. The sexual form is observed only in 
the laboratory[12]. Cryptococcus causes infection following inhalation of aerosolized infectious particles like desiccated 
yeast cells and basidiospores through the respiratory tract. Cryptococcal infection is acquired from the environment and 
the spread of infection from person to person has not been documented except with transplanted tissue[7,13].
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EPIDEMIOLOGY
Cryptococcosis is an important opportunistic infection that leads to significant morbidity and mortality in transplant 
recipients. In solid organ transplant (SOT) recipients, it is the third most commonly occurring invasive fungal infection 
(IFI) after candidiasis and aspergillosis[14]. Though one recent retrospective observational study from Northern India 
highlighted the recent rise in angio-invasive fungal infections like mucormycosis and aspergillosis. Cryptococcosis was 
the fourth most commonly reported infection in this study preceded by mucormycosis, aspergillosis and pneumocystis 
jiroveci[15].

Cryptococcosis accounts for 8-10% of the invasive fungal infections in SOT recipients[15]. Its overall incidence in 
various cohorts of SOT recipients ranges from 0.2% to 5% depending on the type of organ transplanted[14,16,17]. As per a 
recently published retrospective analysis of the cohort of patients after organ transplantation from three states of the 
United States, the incidence of cryptococcosis was 0.32% after kidney transplantation which was lower than both lung 
and liver transplant recipients[18]. Shenoy et al[19] in their recent retrospective analysis showed a very low incidence of 
0.04%.

Cryptococcosis primarily occurs due to the reactivation of the latent infection in the post-transplant period[20]. Two 
decades back, it occurred primarily amongst patients with human immunodeficiency virus (HIV), but now the majority 
of infections occur in non-HIV population, particularly immunosuppressed SOT recipients (60%-70% of the total cases)
[21]. This may be explained by the emergence of highly active antiretroviral therapy for the treatment of HIV, along with 
an increase in the number of patients undergoing transplantation and the use of immunosuppressants. Calcineurin 
inhibitors (CNI) can affect the extent of the disease. Patients receiving CNIs were less likely to have disseminated disease 
due to their in vitro antifungal properties by targeting fungal homologs of calcineurin[22]. Steroids and T cell-depleting 
induction agents (antithymocyte or alemtuzumab) are associated with an increased risk of cryptococcosis[23,24].

Cryptococcosis is a late-occurring invasive fungal infection (after 1 year). It has a longer (574 d) median time to onset 
from the date of transplant as compared to invasive candidiasis (103 d) and aspergillosis (184 d)[25]. Based on the organ 
transplanted, the median time to onset is earlier after lung (191 d), heart (195 d) and liver (200 d) as compared to kidney 
transplantation (616 d)[18].

Mortality rates with cryptococcosis range from 10%-25%, while it can be as high as 50 % in SOT recipients with crypto-
coccal meningitis[26].

PATHOPHYSIOLOGY
C. neoformans is detected by a number of innate receptors, including Toll-like receptors, mannose receptors and -glucan 
receptors in the body during infection. Cells of innate immunity such as natural killer cells, dendritic cells, macrophages 
and neutrophils are primarily involved in C. neoformans killing in the host[27]. In particular, the establishment of Th1 
and Th17 responses following the activation of macrophages is responsible for fungus clearance. Th1 and Th17 cells 
produce inflammatory cytokines such as IFN-, IL-17, and IL-22 in response to C. neoformans infection, resulting in robust 
antimicrobial and phagocytic responses[28]. Recently, studies have shown that mediators of death receptor-triggered 
extrinsic apoptosis, FADD and RIPK3 (immune regulators) control excessive inflammation during C. neoformans 
infection[29]. Replication of C. neoformans inside macrophages has been shown to be directly correlated with the suscept-
ibility of the host to infection. Factors and conditions that modulate macrophage function causing T-cell function 
impairment such as in recipients of SOT can result in cryptococcal disease as a result of the reduced antifungal capacity of 
cells, facilitating the intracellular growth of C. neoformans[30]. C. neoformans releases an array of molecules such as 
prostaglandins and leukotrienes and virulence-associated enzymes that alter the local immune response of the host by 
having direct effects on inflammatory cells. Cryptococcal polysaccharides interfere with the migration of leukocytes 
toward chemoattractants[31]. The robust immune responses can at times be destructive to the organs of the host, 
especially to the lung parenchyma. Mouse models suggest CD4+ T cells mediates inflammation and host damage in the 
setting of C. neoformans infection[32]. Rarely, transmission can also occur from a donor allograft[33].

CLINICAL MANIFESTATION
Depending on the host's immunological condition, clinical signs of cryptococcal infection in a kidney transplant recipients 
(KTR) might range from asymptomatic colonization of the respiratory tract to wide dissemination[34]. The central 
nervous system (CNS) is the primary target site. C. neoformans is typically acquired through inhalation into the lungs, 
where it can spread to the skin, bone, myocardium, transplanted kidney and other organs. The cryptococcal infection in 
kidney transplant recipients might be the result of a recent acquisition or the recurrence of a latent or dormant infection. 
Epidemiological data has long suggested that cryptococcal infections exhibit dormancy and reactivation[22]. Crypto-
coccus neoformans possess the traits required for dormant infection in humans. In an analysis, of 52% of transplant 
recipients with cryptococcosis, there was evidence of a latent infection before the organ transplant[35]. Figure 1 shows 
various organ involvement of the human body in cryptococcal infection.

Up to 70% of patients with cryptococcal illness have involvement of the central nervous system. Leptomeningeal or 
parenchymal lesions, as well as hydrocephalus, can be seen. Frequent clinical signs of CNS involvement include fever, 
headache, altered mental status, vomiting, seizure, and visual and auditory complaints[36].
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Figure 1 Various organ involvement of the human body in cryptococcal infection. UTI: Urinary tract infection; CNS: Central nervous system.

Other major organs affected include the lungs, skin, soft tissues, and osteoarticular. Generalized lymphadenopathy 
with constitutional symptoms and weight loss can be a presentation that can mimic post transplant lymphoproliferative 
disease.

The typical signs of pulmonary involvement in a cryptococcus infection include fever, lethargy, night sweats, weight 
loss, sputum-producing cough, dyspnea, hemoptysis, and rarely severe respiratory failure. Only about one-third of 
people with cryptococcosis have a lung-only disease, which is usually part of an infection that has spread to other parts of 
the body[30]. A chest X-ray may reveal multiple or a single nodule, nodular or alveolar infiltrates, a cavitary lesion, a 
consolidation, a mass, or a pleural effusion. One-third or more of patients with pulmonary cryptococcosis may be 
asymptomatic[37]. Compared to patients with consolidations, pleural effusions, and infiltrates, patients with nodular 
densities or mass lesions were less likely to be symptomatic. Rarely severe cryptococcal infection especially with lung 
involvement can be complicated by the development of hemophagocytic lymphohistiocytosis (HLH) associated with very 
high mortality. A high index of suspicion is needed to make an early diagnosis which can help to incorporate specific 
therapy for HLH earlier which may improve outcomes[38].

Rarely, skin involvement is also seen with cryptococcal infection. Studies have shown that skin involvement can be the 
first sign of a disseminated cryptococcal illness[39]. Primary cutaneous cryptococcosis may act as a portal of entry for 
secondary disseminated cryptococcosis. Skin lesions might include cellulitis, panniculitis, subcutaneous nodules, 
abscesses, and acneiform papules. Umbilicated papules resembling Molluscum contagiosum are often present in 
hemogenous cryptococcal skin changes.

Another condition for the disease's localized form is cryptococcoma[33]. Most of them are recognized radiologically. 
Localized cryptococcal lesions typically coexist with a systemic illness. These are more typical in infections caused by 
Cryptococcus gattii. Cryptococcoma mainly affects the CNS and very infrequently the lungs and the transplanted kidney.

Both symptomatic cryptococcal pyelonephritis and graft involvement have been reported in cryptococcal infection[40]. 
Laryngeal cryptococcus and renal arterial rupture related to cryptococcus have also been described[41,42].

DIAGNOSIS OF CRYPTOCOCCAL INFECTION
Diagnosis can be challenging, especially in transplant recipients. One must have a high index of suspicion and a low 
diagnostic threshold to diagnose cryptococcosis, especially in regions with high prevalence. Any clinical signs of disease 
like subacute headache, fever, cough and weakness should prompt rapid cryptococcal testing. All transplant recipients 
with suspected or proven cryptococcosis should undergo a thorough evaluation for extrapulmonary sites of infection 
including a lumbar puncture [large volume cerebrospinal fluid (CSF) sample] and blood/urine cultures. This is important 
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to delineate the site and extent of disease in order to decide the duration of antifungal treatment. The methods used to 
confirm the infection include direct microscopic examination, culture, histopathology, serology and molecular detection. 
Antigen tests from blood or culture are rarely positive unless there is disseminated cryptococcal infection.

Imaging: CNS and chest
Cerebral cryptococcosis are more common with C gatti than with C neoformans infection. Normal brain imaging always 
does not exclude meningoencephalitis. Magnetic resonance imaging (MRI) (magnetic resonance imaging) brain is the 
preferred modality of imaging to diagnose cerebral cryptococcosis. The MRI findings of CNS cryptococcosis are 
leptomeningeal/pachymeningeal enhancement, dilated perivascular space, cryptococcal granuloma, hydrocephalus, 
miliary nodule and plexitis which can occur in isolation or in various combinations[43]. Chest imaging in pulmonary 
infection is non-specific with solitary/ multiple nodules or diffuse interstitial infiltrates[37].

CSF examination: The CSF picture in cryptococcal meningoencephalitis classically demonstrates increased opening 
CSF pressure, low white cell count with a mononuclear predominance, and slightly elevated protein with low/normal 
glucose concentration[44]. Neuroimaging should be done prior to lumbar puncture to exclude hydrocephalus and mass 
lesions. Cryptococcal antigen testing from the CSF or serum is the preferred strategy to diagnose infection. India ink 
testing on CSF is no longer recommended because it can miss low burden infections due to the low sensitivity and 
specificity.

Microscopy and culture
Visualization of encapsulated yeast forms with narrow budding in the sputum, bronchoalveolar lavage (BAL) or lung 
tissue biopsy specimens is suggestive of cryptococcal infection. The pellet from pleural fluid or BAL can be mixed with 
India Ink and observed under a microscope[45]. A lung biopsy from a nodule of uncertain aetiology requires a fungal 
culture to be done, in addition to a histopathology examination. Samples for culture should be placed on Sabouraud 
dextrose agar at 30°C for 7 d, in aerobic conditions, and observed daily[46]. Cryptococcus appears as mucoid creamy 
colonies. C. neoformans are identified generally as smooth colonies while C. gattii mostly appears as mucoid colonies. 
Canavanine-glycine-bromothymol blue (CGB) agar can be used to differentiate between C. neoformans and C. gattii. 
Colonies of C. neoformans will not cause changes in CGB agar. On the other hand, C. gattii produces a blue colour in 
CGB agar.

Histopathology
A lung biopsy is the best diagnostic option when sputum or bronchoscopy specimens are unavailable or negative. 
Gamori’s methenamine silver or periodic acid Schiff stain identifies the organism as narrow-based budding yeasts (4-10 
μm), usually surrounded by thick capsules in the lung tissue. Mucicarmine stain can be used to highlight the cryptococcal 
capsule as rose burgundy. Histopathological methods and cryptococcal antigen testing cannot differentiate between C 
neoformans and C gattii[47]. Lung histopathology in pulmonary cryptococcal infection varies from well-formed 
granulomas to minimal inflammation. Positive histology does not always correlate with culture result. A negative culture 
might be caused by nonviable organisms in the sample[30]. Figure 2 shows the histopathology of a patient with 
pulmonary cryptococcosis (H & E stain) and Figure 3 shows the histopathology of a patient with pulmonary crypto-
coccosis (Alcian blue -PAS stain). India Ink of Cryptococcus neoformans is provided in Figure 4.

Cryptococcal antigen testing
Capsular polysaccharides of Cryptococcus can be detected by using specific anti C. neoformans antisera in the serum, 
CSF, BAL, and urine by two formats- the latex agglutination test and the recently approved lateral flow immunoassay 
(LFA)[48]. LFA is the preferred method recommended for diagnosis given its low cost and high sensitivity. These crypto-
coccal antigen (CrAg) detection tests are rapid, sensitive and specific for diagnosis. These tests have not been 
standardised for respiratory specimens such as BAL, pleural fluid, or sputum. Pulmonary cryptococcal infection is 
usually associated with false negative serum CrAg, probably because of the low fungal burden outside the lung or the 
capsule-deficient strain of Cryptococcus[37]. Serum CrAg titres are typically higher in patients with disseminated 
diseases/CNS involvement. A prozone effect can occur in high cryptococcal burden states and recognition of this with 
appropriate dilution of the sample may be required.

Molecular detection
This may be required in specific situations where other diagnostic tests have failed to confirm the diagnosis. These 
molecular methods include pan-fungal polymerase chain reaction (PCR), deoxyribonucleic acid sequencing for identi-
fication, multiplex PCR, isothermal amplification method, and probe-based microarrays. Species identification of crypto-
coccus is also important as it may affect the choice of antifungal therapy and affect the clinical outcomes. Where possible, 
isolates should be subjected to either PCR or matrix-assisted laser desorption ionization-time of flight mass spectrometry 
(MALDI-TOF MS) for genotypic identification. Antifungal susceptibility testing is routinely not recommended for crypto-
coccal infection[49]. However, in patients with C neoformans infection who have failed primary therapy or relapsed, or in 
patients with recent antifungal exposure (i.e. antifungal prophylaxis), antifungal susceptibility testing for fluconazole is 
recommended[50]. Table 1 shows modalities for the diagnosis of post-transplant cryptococcosis.
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Table 1 Modalities for the diagnosis of post-transplant cryptococcosis

Method Advantages Disadvantages
Direct microscopic 
examination

Cryptococcus is identified as narrow budding 
encapsulated yeasts after mixing sample with India ink.

Direct microscopic examination

Culture Identify the species and susceptibility patterns Time consuming. More than 1 wk must elapse for fungal growth to occur

Histopathology Gomori methenamine silver, and periodic acid-Schiff 
are used to detect Cryptococcus that appears as narrow-
based budding yeasts (4-10 μm), usually surrounded by 
thick capsules in the lung tissue

Histopathology

Antigen detection Inexpensive point-of-care testing, simple, cheap and 
rapid diagnosis in developing country, high sensitivity 
and specificity

Isolated pulmonary cryptococcal infection is usually associated with false 
negative serum CrAg, probably because of the low fungal burden outside 
the lung or the capsule-deficient strain of Cryptococcus. One must be 
aware of the prozone effectwhile interpreting these tests

Molecular 
detection

Required in specific situations where other diagnostic 
tools have failed to confirm a diagnosis of crypto-
coccosis, highly specific (almost 100%)

Expensive and not routinely available

CrAg: Cryptococcal antigen.

Figure 2 Histopathology of a patient with pulmonary cryptococcosis, hematoxylin and eosin stain and Alcian blue stain. A: At ×100 
magnification; B: At ×200 magnification. Alcian blue-PAS stain atains the yeast forms of cryptococcus. Alcian blue stains the capsule blue colour (black arrow) and 
PAS stains the cell wall of the yeast magenta colour (yellow arrow).

TREATMENT
Much of the data on the treatment of patients with cryptococcal infections has been extrapolated from trials on HIV 
Infected patients[51] and also retrospective data from kidney and other SOT patients as there are no randomized 
controlled trials for the therapy[52-54]. Recommendations herein are consistent with the guidelines of the American 
Society of Transplantation Infectious Diseases[50].

Management of cryptococcus has 3 main aspects
Antifungal therapy: As discussed, earlier patients with Cryptococcal infections can present with either isolated 
pulmonary involvement, neurological Involvement or disseminated disease. The Therapy thus also depends on the site 
and extent of involvement: (1) In patients with CNS disease, Disseminated Disease or Moderate to severe pulmonary 
involvement the antifungal therapy of choice in kidney transplant recipients would be Liposomal Amphotericin B 
Conventional amphotericin B is nephrotoxic and found to be inferior to the liposomal form on comparison of 90-d 
mortality between the two forms[54,55]. The addition of 5-flucytosine as a part of induction therapy reduces the chances 
of treatment failure[56]. The induction therapy is usually followed by a consolidation phase and maintenance phase. 
Doses of flucytosine and Fluconazole should be adjusted according to the glomerular filtration rate. Monitoring of 
flucytosine level is recommended (2 h post-dose 30-80 mcg/mL). Extended doses may be required as per clinical status. 
Figure 5 shows therapy for patients with CNS disease, Disseminated Disease or Moderate to severe Pulmonary 
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Figure 3 India ink of cryptococcus neoformans. Endobronchial mucosa shows squamous metaplasia and the sub epithelium shows inflammatory exudates 
along with variably sized round to oval encapsulated yeast (yellow arrow) with thin walls and narrow based budding (black arrow). A: At ×100 magnification; B: At 
×200 magnification.

Figure 4 India ink-stained cryptococcus neoformans.

involvement; and (2) In patients with mild pulmonary disease use of fluconazole 400 mg/d for 6-12 mo is recommended. 
Even asymptomatically detected (Cryptococcus positive on Sputum culture) pulmonary disease needs to be treated with 
the same regimen. In all these cases extrapulmonary disease should be excluded. Longer duration of Induction should be 
considered for patients who are clinically deteriorating, persistent comatose state, and persistently elevated intracranial 
pressure[16]. In case flucytosine is not available an extended duration of amphotericin B can be used lasting 4-6 wk. Use 
of extended-spectrum azoles like itraconazole, Voriconazole, Posaconazole, Isavuconazole, do not offer any advantage 
over fluconazole, but should be used in fluconazole-resistant C. gatti[57,58].

Supportive therapy: (1) Management of elevated Intracranial Pressure: 50% to 70% of patients with cryptococcal 
meningitis have elevated intracranial pressure due to reduced CSF absorption secondary to a film formed over the pial 
layer due to significant inflammatory response. This is a significant factor in morbidity and mortality of the patient as it 
can lead to hydrocephalous, blindness deafness or death[59]. Lumbar puncture should be done in all patients and 
opening pressure should be noted. If pressure is above 25 mmHg then a large volume of CSF should be removed, and 
attempts should be made to keep it below 20 mmHg using repeated lumbar puncture or by using drains from CSF 
cavities to the peritoneum[60]. Maintaining pressures below 25mmhg was associated with 69% relative survival 
protection[61]; and (2) Use of Dexamethasone: When Dexamethasone was added to adjunctive therapy on HIV patients 
showed slower clearance of CSF, Increased serious infections and no impact on mortality compared to placebo. But can be 
used after clearance of infection[62,63].
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Figure 5 Therapy for patients with central nervous system disease, disseminated disease or moderate to severe pulmonary involvement.

Change in immunosuppression: As this disease is a direct result of the immunocompromised state of the patient there 
should be an attempt to reduce the immunosuppressive medications. Although nothing can be done about the T cell 
depleting agents given in the beginning slow reduction in dose of other immunosuppression with a low threshold for 
diagnosis of rejection should be done aiming for eradication of the fungus and preservation of allograft. The overall 
immunosuppression should be minimized during therapy; however, the specific approach to achieve this must be 
tailored to each individual instance. The expeditious decrease in the administration of immunosuppressive drugs may 
give rise to unfavorable consequences, including the occurrence of organ rejection and/or immune reconstitution inflam-
matory syndrome (IRIS). Therefore, it is advisable to strategically implement a progressive decrease in dosage with the 
administration of antifungal therapy. The primary objective is to achieve complete elimination of the infection while 
simultaneously ensuring the maintenance of allograft functionality. The interaction of azoles with CNI should be kept in 
mind and frequent monitoring of levels along with dose reduction should be done. The reduction of immunosuppression 
in KTR along with antifungal therapy initiation can also lead to the development of IRIS[64]. The incidence of this is 5%-
12% in SOT recipients and it mimics a worsening cryptococcal disease and can also lead to rejection and graft loss[21,24,
65]. It occurs 4-6 wk after initiation of the therapy and is found to be associated more with CNS disease and stoppage of 
CNI[16,66]. After ruling out the presence of fungi in the body IRIS can be tackled by increasing the dose of corticosteroids
[64,67].

Prognosis and outcomes
Mortality rates in organ transplant recipients with cryptococcosis range from 33%-42% and may be as high as 49% in 
those with CNS disease and as low as 2.8% in those with isolated pulmonary involvement[2,21,50,51]. Recently, Ponzio et 
al[65] demonstrated an overall mortality rate of 49%. Independent risk factors for mortality include abnormal mental 
status, renal failure at baseline, fungemia and disseminated infection[24]. Patients receiving tacrolimus are less likely to 
have central nervous system involvement and more likely to have skin, soft-tissue, and osteoarticular involvement. 
Improved outcomes with the use of calcineurin-inhibitor agents may be attributable in part to their synergistic 
interactions with antifungal agents[5,68]. A significant percentage of patients (up to 20%) progress to graft loss after the 
infection[55]. Risk factors for graft loss after cryptococcosis include disseminated infection, higher baseline creatinine 
levels, graft dysfunction concomitant with amphotericin B deoxycholate therapy and an additional nephrotoxic condition
[56]. Therefore, the clinical focus should be on the use of less nephrotoxic lipid formulations of amphotericin B in this 
specific population.

CONCLUSION
Cryptococcal infection accounts for < 10% of IFI and is seen in the late transplant period. Mortality rates are higher for 
those with meningeal involvement. The advent of newer diagnostic modalities and treatment has reduced infection-
related morbidity but has not yet been able to reduce mortality beyond a level. Newer therapeutics with liposomal 
Amphotericin B. Fluconazole, and 5-flucytosine have improved survival. However, a significant proportion of these 
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patients progress to graft loss either due to reduced immunosuppression, infection or nephrotoxic therapeutic agents. 
Early detection however has resulted in better survival in the subset of patients.
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Abstract
BACKGROUND 
Randomized controlled trials (RCTs) of direct oral anticoagulants (DOACs) 
included a low proportion of atrial fibrillation (AF) patients with chronic kidney 
disease (CKD), and suggested that DOACs are safe and effective in patients with 
mild-to-moderate CKD. In a metanalysis of RCTs and observational studies, 
DOACs were associated with better efficacy (vs warfarin) in early CKD and had 
similar efficacy and safety profiles in patients with stages IV-V CKD. But few 
studies have provided data on the safety and effectiveness of each DOAC vs 
warfarin in patients with stage III CKD. The effectiveness and safety of DOACs in 
those patients are still subject to debate.

AIM 
To assess and compare the effectiveness and safety of apixaban and rivaroxaban 
vs warfarin in this patient population.
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METHODS 
A cohort of patients with an inpatient or outpatient code for AF and stage III CKD who were newly prescribed 
apixaban and rivaroxaban was created using the administrative databases from the Quebec province of Canada 
between 2013 and 2017. The primary effectiveness outcome was a composite of ischemic stroke, systemic 
embolism, and death, whereas the primary safety outcome was a composite of major bleeding within a year of 
DOAC vs warfarin initiation. Treatment groups were compared in an under-treatment analysis using inverse 
probability of treatment weighting and Cox proportional hazards.

RESULTS 
A total of 8899 included patients filled out a new oral anticoagulation therapy claim; 3335 for warfarin and 5564 for 
DOACs. Compared with warfarin, 15 mg and 20 mg rivaroxaban presented a similar effectiveness and safety 
composite risk. Apixaban 5.0 mg was associated with a lower effectiveness composite risk [Hazard ratio (HR) 0.76; 
95% confidence interval (CI): 0.65-0.88] and a similar safety risk (HR 0.94; 95%CI: 0.66-1.35). Apixaban 2.5 mg was 
associated with a similar effectiveness composite (HR 1.00; 95%CI: 0.79-1.26) and a lower safety risk (HR 0.65; 
95%CI: 0.43-0.99. Although, apixaban 5.0 mg was associated with a better effectiveness (HR 0.76; 95%CI: 0.65-0.88), 
but a similar safety risk profile (HR 0.94; 95%CI: 0.66-1.35). The observed improvement in the effectiveness 
composite for apixaban 5.0 mg was driven by a reduction in mortality (HR 0.61; 95%CI: 0.43-0.88).

CONCLUSION 
In comparison with warfarin, rivaroxaban and apixaban appear to be effective and safe in AF patients with stage III 
CKD.

Key Words: Atrial fibrillation; Chronic kidney disease; Direct oral anticoagulant; Effectiveness; Safety; Warfarin

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Compared to warfarin, rivaroxaban and apixaban appear to be effective and safe in atrial fibrillation patients with 
stage III chronic kidney disease (CKD) in real world. Rivaroxaban 15 mg and 20 mg presented a similar effectiveness and 
safety composite risk. However, apixaban 2.5 mg might even have a better safety profile than warfarin, while apixaban 5.0 
mg might have a better effectiveness profile than warfarin, to a reduction in deaths. Appropriately sized randomized 
controlled trials are needed to confirm these findings in stage III CKD patients.

Citation: Perreault S, Boivin Proulx LA, Lenglet A, Massy ZA, Dorais M. Effectiveness and safety of apixaban and rivaroxaban vs 
warfarin in patients with atrial fibrillation and chronic kidney disease. World J Nephrol 2023; 12(5): 132-146
URL: https://www.wjgnet.com/2220-6124/full/v12/i5/132.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i5.132

INTRODUCTION
Patients with chronic kidney disease (CKD) often develop atrial fibrillation (AF) at a rate of more than twice that of the 
general population[1-3]. Because patients with both AF and CKD have a greater risk of systemic embolism and bleeding 
events, an effective therapy is challenging[4-6]. For patients with non-valvular AF (NVAF) requiring oral anticoagulation 
therapy (OAC), medical evidence suggests treatment with a direct oral anticoagulant (DOAC) over warfarin , including 
patients with stage I-IV CKD[7]. Despite these recommendations, warfarin remains the OAC of choice for most AF 
patients [8] as well as AF patients with moderate to severe CKD[9].

Although the randomized controlled trials (RCTs) of DOACs included a low proportion of AF patients with CKD, the 
results suggested that DOACs are safe and effective in patients with mild-to-moderate CKD (stages I-III CKD, using 
Cockcroft-Cault formula)[10-13]. In a metanalysis of observational studies and RCTs, DOACs were found to be more 
effective (vs warfarin) in early CKD and had similar efficacy and safety profiles in patients with CKD stages IV-V as well 
as patients on dialysis[14]. Recent population-based studies of AF patients with CKD have also examined the effect-
iveness and safety of DOACs vs warfarin[15-22]. However, few of these studies examined the safety and effectiveness of 
individual DOACs vs warfarin, nor did they examine the impact of varying doses in patients with stage III CKD with 
respect to stroke, systemic embolic events, major bleeding, or death[16,23]. Therefore, we attempted to evaluate and 
compare the efficacy and safety of various DOACs, including low-dose rivaroxaban (15 mg once per day), standard-dose 
rivaroxaban (20 mg once per day), low-dose apixaban (2.5 mg twice per day), and standard-dose apixaban (5.0 mg twice 
per day) vs warfarin in AF patients with stage III CKD.

https://www.wjgnet.com/2220-6124/full/v12/i5/132.htm
https://dx.doi.org/10.5527/wjn.v12.i5.132
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MATERIALS AND METHODS
We analyzed several Quebec health care claims databases, in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines[24]. The need for informed consent was waived by the local institu-
tional research committee (University of Montreal, Montreal, Quebec, Canada). The study protocol complied with the 
ethical guidelines of the 1975 declaration of Helsinki and was approved by the institutional research committee of the 
University of Montreal.

Data sources
We assembled a cohort of inpatients or outpatients using the Med-Echo administrative databases (hospital discharge 
reports), medical services of the Régie de l’Assurance Maladie du Québec (RAMQ), and RAMQ public drug plans, all 
databases administered by the RAMQ[25-28]. The databases were linked via encrypted health insurance numbers. 
Information from these databases provided a complete picture of hospital admissions, medical services, and medication 
used, if the patient was still living in the Quebec province.

Population
We identified adult patients with AF from January 1, 2013, to December 31, 2017. AF was detected by searching for the 
international classification of diseases, 9th revision (ICD-9) codes 427.3, 427.31, or 427.32, or the international classification 
of diseases, 10th revision (ICD-10) code I48[29,30]. The first instance of AF coding was used to determine eligibility. The 
cohort was subsequently restricted to patients who filled a new prescription for rivaroxaban (15 mg or 20 mg once daily), 
apixaban (2.5 or 5.0 mg twice daily) or warfarin within a year of AF diagnosis. Few patients had a new prescription of 
either dabigatran or edoxaban, so they were not included in our analysis. The date of the first OAC claim was defined as 
the date of cohort entry. New OAC users were defined as those not exposed to any OACs in the year prior to the claim 
index date. Patients were also required to have had pharmacy coverage for at least 12 mo and enrollment in a drug health 
insurance plan for at least one year before cohort entry.

We also excluded patients with a code for any condition or procedure that might have impacted the choice of OAC and 
duration of treatment at discharge: Cardiac valve replacement or valve procedures in the five years before cohort entry; 
end-stage CKD (meaning being on dialysis), kidney transplant, dialysis, or coagulation deficiency in the three years 
before cohort entry; medical procedures (including cardiac catheterization, stent, coronary artery bypass grafting, 
cerebrovascular, or defibrillator) in the three months before cohort entry; deep vein thrombosis or orthopedic surgery in 
the six months before cohort entry.

Lastly, the cohort was restricted to patients with stage III CKD by using the algorithm 2 to identify CKD G3-5ND, and 
then applying the exclusion of CKD G4-5ND by using the algorithm 3 (as defined by a composite variable covering the 
ICD code, drug use, and consultations with a nephrologist, as identified in the administrative databases). The composite 
variable has been validated, with reference to medical chart reviews of older adults with CKD [the algorithm used for 
estimated glomerular filtration rate (eGFR) definition], and has presented good positive predictive values[31].

Exposure
Treatment with an OAC was checked against the prescription fulfillment dates and the number of days of medication 
supplied for each fill. Exposure to treatment was considered in all analyses. We consider a gap of less than 30 d between 
the end of a treatment period and a new fill corresponded to continuous treatment. Patients were censored when they 
discontinued a treatment, switched to another OAC, or to another dose level. Allowing a gap in treatment of up to 30 d is 
reasonable because of the DOACs’ short half-life. Taking this definition into account, the adherence rate over the 12-mo 
assessment period was at least 92% for all included patients. The patient’s OAC exposure and censored status were 
updated every 30 d.

Outcomes
The primary effectiveness outcome was a composite of ischemic stroke or systemic embolism (SE) and all-cause mortality. 
The primary safety outcome was a composite of major bleeding, defined as either intracranial hemorrhage, 
gastrointestinal bleeding, or major bleeding from other sites. The individual components of the safety and effectiveness 
outcomes were evaluated in a secondary analysis.

We identified the outcomes by screening the ICD-9 or ICD-10 codes for the primary diagnosis on inpatient claims 
(Supplementary Table 1). In earlier validation studies, these codes performed relatively well and gave positive predictive 
values of over 80%[32,33].

Patient demographics and clinical characteristics
We documented demographic variables upon cohort entry and determined the associated morbidities from the inpatient 
and outpatient ICD-9 and ICD-10 diagnostic codes recorded in the three years preceding the cohort entry[30-32]. Next, we 
used the patients’ characteristics and associated comorbidities to calculate the CHADS2 score (Supplementary Tables 2 
and 3)[34] and the modified HAS-BLED score (Supplementary Tables 2 and 4). The comorbidity burden was scored with 
the Charlson-Deyo Comorbidity Index[35,36]. A frailty score was also calculated from the modified elders risk assessment 
in the two years preceding cohort entry[37,38]. Lastly, we assessed all drug prescriptions filled in the two weeks 
preceding the cohort entry.

https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
http://
https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
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Statistical analyses
Descriptive statistics were used to summarize the demographic and clinical characteristics of patients, according to the 
type of OAC used. The follow-up periods and the level of adherence were reported as the mean with standard deviation 
(SD) or the median with interquartile range. The adherence to treatment in the year of follow-up was calculated by 
dividing the total number of days of treatment by 365. When the dispensing periods overlapped, the full length of each 
filled claim was accounted for, and the start date of the second claim was shifted to the end of the previous claim.

For the main analyses of the primary effectiveness and safety composites in an on-treatment, we used an inverse 
probability of treatment weighting (IPTW) approach to account for differences in patient characteristics between 
treatment groups[39,40]. Four IPTW cohorts were created: (1) Rivaroxaban 15 mg vs warfarin; (2) rivaroxaban 20 mg vs 
warfarin; (3) apixaban 2.5 mg vs warfarin; and (4) apixaban 5.0 mg vs warfarin. We then used a multivariable logistic 
regression model to estimate the observed probability (according to propensity score matching) of being in the treatment 
group (rivaroxaban 15 mg, rivaroxaban 20 mg, apixaban 2.5 mg, and apixaban 5.0 mg), based on all the baseline 
covariates, and the impact of temporal trends accounted for in the analysis by including the date of cohort entry in the 
IPTW matching. By approximating the randomization used in RCTs, the IPTW approach establishes a pseudo-
population, balances the treatment groups according to the covariates included in the model, and thus minimizes the 
impact of confounding biases in observational studies. All weights were stabilized by multiplying the IPTW weight by 
the marginal probability of being in the treatment group. Descriptive statistics were also used to summarize the baseline 
characteristics of each IPTW cohort. For baseline characteristics, only absolute standardized differences of 10% or more 
between the unadjusted cohort and the IPTW-adjusted cohort were considered meaningful[39]. We reported the 
outcomes per 100 person-years for each treatment in each IPTW population. Hazard ratios (HRs) with 95%CIs associated 
were estimated using Cox proportional hazards models for each of the four IPTW cohorts described above.

Patients were censored at the time of enrollment if they were in a non-governmental drug coverage plan, admitted to a 
long-term care facility, admitted to the hospital (for more than two weeks), or in the case of a safety or effectiveness 
endpoint or death (whichever occurred first). The patient’s OAC exposure and censored status were updated every 30 d.

For the sensitivity analyses of the primary effectiveness and safety composites, we first estimated Cox proportional 
HRs for outcomes in an intent-to-treat analyses in which we removed the censoring criteria of drug discontinuation or 
switching, so that all patients were followed up for 365 d unless they were censored for another reason. We used an IPTW 
approach to account for differences in patient characteristics between treatment groups. We reported the outcomes per 
100 person-years for each treatment in each IPTW population. HRs and 95%CIs associated were estimated using Cox 
proportional hazards models for each of the four IPTW cohorts described above.

Secondly, we provided a negative control outcomes analyses using the risk of diabetes complications (primary code of 
hospitalization (ICD-9: 250.1-250.9, 357.2, 366.41; ICD-10: E10-E14 excluding E10.9, E11.9, E12.9, E13.0, E14.9). Lastly, we 
calculated an E-value to assess the impact of unmeasured confounding[41]. The E-value indicates how strongly an 
unmeasured confounder would have to be associated with use of apixaban 2.5 mg, or apixaban 5.0 mg vs warfarin and 
the outcomes to reduce the observed effect to the null, depending on the measured covariates. All analyses were 
performed using SAS software (version 9.4, SAS Institute, Cary, NC). A biomedical statistician performed statistical 
review of the study.

RESULTS
A total of 8899 included AF patients with stage III CKD filled a new OAC prescription: 3335 for warfarin, 744 for the 15-
mg dose of rivaroxaban, 1064 for 20-mg rivaroxaban, 1674 for 2.5-mg apixaban, and 2082 for 5.0-mg apixaban (Figure 1). 
The frequency of warfarin prescriptions decreased over time and was associated with a concomitant increase in DOAC 
prescription (Figure 2). As of 2017, apixaban 5.0 mg was the most commonly initiated drug.

Demographic and clinical characteristics
The patients’ unadjusted characteristics are summarized in Supplementary Tables 5-8. Compared with warfarin users, 
rivaroxaban 15 mg users were slightly younger (mean ± SD age: 83.0 ± 8.5 vs 82.6 ± 7.8, respectively) and had a lower 
mean ± SD Charlson-Deyo Comorbidity index (6.1 ± 3.4 vs 5.3 ± 3.5, respectively), a lower mean ± SD CHADS2 score (3.1 ± 
1.2 vs 2.8 ± 1.2, respectively) and a lower mean ± SD HAS-BLED score of 3.6 ± 1.3 vs 3.2 ± 1.3, respectively. Compared 
with users of warfarin, rivaroxaban 20 mg users were younger (mean ± SD age: 83.0 ± 8.5 vs 74.2 ± 9.2, respectively) and 
had a lower mean ± SD Charlson-Deyo Comorbidity index (6.1 ± 3.4 vs 4.7 ± 3.5, respectively), a lower mean ± SD 
CHADS2 score (3.1 ± 1.2 vs 2.3 ± 1.2, respectively), and a lower mean ± SD HAS-BLED score (3.6 ± 1.3 vs 2.7 ± 1.3, 
respectively). Compared with warfarin users, apixaban 2.5 mg users were older (mean ± SD age: 83.0 ± 8.5 vs 86.5 ± 6.3, 
respectively), had a lower mean ± SD Charlson-Deyo Comorbidity index (6.1 ± 3.4 vs 5.4 ± 3.3, respectively), a similar 
mean ± SD CHADS2 score of 3.1 ± 1.2 vs 3.0 ± 1.1, respectively), and a similar mean ± SD HAS-BLED score of 3.6 ± 1.3 vs 
3.3 ± 1.3, respectively. And, compared with users of warfarin, apixaban 5.0 mg users were also younger (mean ± SD age: 
83.0 ± 8.5 vs 78.0 ± 8.4, respectively), and had a lower mean ± SD Charlson-Deyo Comorbidity index (6.1 ± 3.4 vs 5.1 ± 3.5, 
respectively), a lower mean ± SD CHADS2 score (3.1 ± 1.2 vs 2.6 ± 1.2, respectively), and a lower mean ± SD HAS-BLED 
score (3.6 ± 1.3 vs 3.0 ± 1.3, respectively). As shown in Table 1, demographic and clinical characteristics of cohorts of new 
OAC users with stage III CKD after IPTW from 2013 to 2017 are well balanced.

https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
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Figure 1 Study flow chart. No patients in the cohort received edoxaban, and patients using dabigatran were excluded for the low sample size between 2011-
2017. DOAC: Direct oral anticoagulant; RAMQ: Régie d’Assurance Maladie du Québec.

Figure 2 Changes in oral anticoagulant prescriptions from 2010 to 2017. DOACs: Direct oral anticoagulants; OAC: Oral anticoagulant.

Cumulative incidence in the IPTW cohorts
As shown in Table 1 and Supplementary Tables 5-8, there were no significant differences in baseline characteristics 
between the IPTW treatment groups. In Figures 3 and 4, we show the cumulative incidence curves for the effectiveness 
and safety composite outcomes in the IPTW in an on-treatment analysis. The follow-up times and levels of adherence are 
shown in Supplementary Tables 9 and 10.

HRs for effectiveness and safety outcomes in the IPTW cohorts
The annual rates and HRs for the primary analyses of the safety and effectiveness composites in the IPTW treatment 
groups in an on-treatment are shown in Supplementary Table 11. With warfarin as the reference group, we found 
rivaroxaban 15 mg and 20 mg had a similar effectiveness composite (HR 0.84; 95%CI: 0.60-1.18 and HR 0.83; 95%CI: 0.61-
1.13, respectively) (Figure 5); and similar safety profile (HR 1.13; 95%CI: 0.70-1.83 and HR 1.29; 95%CI: 0.84-1.95, 
respectively). Apixaban 2.5 mg was similarly effective (HR 1.00; 95%CI: 0.79-1.26), but had a better safety profile (HR 0.65; 
95%CI: 0.43-0.99), while apixaban 5.0 mg was associated with a better effectiveness (HR 0.76; 95%CI: 0.65-0.88), but a 
similar safety profile (HR 0.94; 95%CI: 0.66-1.35). A reduction in mortality (HR 0.61; 95%CI: 0.43-0.88) accounted for the 
observed improvement in the effectiveness composite for apixaban 5.0 mg.

Sensitivity analyses
The annual rates and HRs for the analyses of the effectiveness and safety composites in the IPTW treatment groups in an 
intent-to-treat are shown in Supplementary Table 12. Under intent-to-treat analyses, rivaroxaban 20 mg presented a better 
effectiveness composite (HR 0.79; 95%CI: 0.65-0.96), and the observed improvement in the effectiveness composite was 
due to a reduction in mortality (HR 0.72; 95%CI: 0.58-0.91) (Figure 6). Those point estimates are in relation to those 
observed in the IPTW treatment groups in an on-treatment, and the level of significance is linked to an increase of the 
number of events, particularly among those in the warfarin group.

As shown in Table 2, warfarin and DOACs had a similar rate of hospitalization per 100 person-years for diabetes 
complications, with no significant HRs. As we expected, all groups had similar results. In Table 3, we found the E-value 
closest to boundary 1 for the effectiveness composite and apixaban 5.0 mg vs warfarin was 1.53; hence, we suspect an 

https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/04e1dd09-f01f-414e-b721-dbc86eee8d6d/WJN-12-132-supplementary-material.pdf
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Figure 3 Cumulative rate of the primary effectiveness outcome after inverse probability of treatment weighting in an on-treatment 
analysis. A: Rivaroxaban 15 mg vs warfarin; B: Rivaroxaban 20 mg vs warfarin; C: Apixaban 2.5 mg vs warfarin; D: Apixaban 5 mg vs warfarin.

unmeasured confounder occurring 1.53 times more frequently in patients receiving apixaban 5.0 mg than in patients 
receiving warfarin, thus increasing the rate of safety composite events by a factor of 1.53. The high E-values indicate that 
the statistically significant results are robust with regards to unmeasured confounding factors.

DISCUSSION
The results of our cohort analysis provided several insights relevant to clinical practice. Firstly, DOAC prescription 
increased substantially over time, whereas warfarin prescription fell concomitantly. Nevertheless, over 10% of AF 
patients with stage III CKD were still being prescribed warfarin in 2017. Secondly, relative to warfarin, rivaroxaban 
appears to be safe and effective in AF patients with stage III CKD. Apixaban 2.5 mg might even have better safety profiles 
than warfarin; and for apixaban 5.0 mg, this difference in effectiveness was mainly driven by a reduction in deaths.

The increase in DOAC prescription is in line with the latest AF guidelines from the Canadian society of cardiology and 
European society of cardiology, which recommend DOAC therapy over warfarin for patients with NVAF and stage III 
CKD[7,42]. This recommendation is based on a sub-analysis of AF RCTs, which demonstrated that along with the 
DOACs’ logistic advantages vs dose-adjusted warfarin, these drugs are no worse or even better than warfarin for 
reducing the risk of AF-associated stroke or SE in AF patients with stage III CKD, with a lower or similar major bleeding 
risk[10-13]. A meta-analysis of RCTs and observational trials of AF patients with CKD showed that DOACs can provide a 
significant reduction in stroke/SE (HR 0.81; 95%CI: 0.68-0.97) and a nonsignificant reduction in major bleeding (HR 0.87; 
95%CI: 0.69-1.05) in stage III CKD, when compared with warfarin[14].

Very little data exists regarding the effectiveness and safety of individual DOACs and the impact of various doses on 
patients with stage III CKD. Most of the existing data comes from observational studies[15-21]. Data from a sub-analysis 
of the Aristotle trial demonstrated that apixaban can effectively reduce the occurence of stroke, major bleeding, and 
mortality compared to that of warfarin among patients with impaired renal function (≤ 50 mL/min), when using 
creatinine-based estimates of GFR[13]. Wetmore et al[23] examined Medicare data from 22739 AF patients with stage III-
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Figure 4 Cumulative rate of the primary safety outcome after inverse probability of treatment weighting in an on-treatment analysis. A: 
Rivaroxaban 15 mg vs warfarin; B: Rivaroxaban 20 mg vs warfarin; C: Apixaban 2.5 mg vs warfarin; D: Apixaban 5 mg vs warfarin.

IV CKD and found that apixaban reduced stroke/SE (HR 0.70; 95%CI: 0.51-0.96) and risk of major bleeding (HR 0.47; 
95%CI: 0.37-0.59). Using electronic health record data, Fu et al[43] examined the safety and effectiveness of rivaroxaban vs 
warfarin in 555 stage III CKD AF patients and found a similar risk of stroke (HR 0.60; 95%CI: 0.23-1.56) and major 
bleeding (HR 0.73; 95%CI: 0.38-1.41). A subanalysis of the ROCKET-AF trial found that rivaroxaban 20 mg daily had a 
better efficacy profile in patients with a creatinine clearance (CrCl) of 50 mL/min or more but that rivaroxaban 15 mg 
daily had a similar efficacy profile in patients with a CrCl of 30-49 mL/min; the safety profile was similar for both CrCl 
categories[44]. Nonetheless, dose adjustment yielded results consistent with the overall trial, when compared with dose-
adjusted warfarin[11]. Wetmore et al[23] found that in AF patients with stage III-IV CKD, rivaroxaban was associated 
with similar risks of stroke/SE (HR 0.80; 95%CI: 0.54-1.17) and major bleeding (HR 1.05; 95%CI: 0.85-1.30). However, the 
investigators did not report data on the effectiveness and safety of each dose level of DOAC vs warfarin in stage III CKD 
AF patients specifically.

Likewise, very few published studies have examined the impact of DOAC therapy vs warfarin on mortality, and also 
per specific dose. Makani et al[17] examined electronic health record data on 21733 AF patients with CKD and found that 
DOACs reduce the risk of all-cause mortality for all CKD classes. When examining individual DOACs in an on-treatment 
analysis, Wetmore et al[23] found a reduction in mortality for apixaban (HR 0.90; 95%CI: 0.84-0.96) but not for 
rivaroxaban (HR 0.95; 95%CI: 0.88-1.02) or dabigatran (HR 0.92; 95%CI: 0.84-1.01). These results might be explained by the 
fact that DOACs are associated with a lower incidence of renal adverse outcomes in patients with mild-to-moderate CKD, 
including declined renal function, a doubling in the serum creatinine level, or acute kidney injury[45]. Moreover, 
warfarin treatment is associated with an elevated risk of vascular and cardiac valve calcification[46-48], which in turn is 
associated with greater cardiovascular morbidity and mortality rates[49].

The present study has several strengths. First, it is one of the few large, real-world comparative studies of the effect-
iveness, safety, and mortality rates associated with individual DOACs and their dose levels vs warfarin. Second, we 
analyzed the single-payer health care claims database across the province of Quebec. Given that: (1) Most such clinical 
events result in an administrative claim, and (2) few patients in the province travel outside of Quebec for medical 
treatment, the study may likely have captured the vast majority of clinically significant events; which might not have 
been the case in previous single-hospital or single-insurer studies. Third, we performed IPTW cohorts by accounting for 
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Figure 5 Hazard ratios (95% confidence interval) of effectiveness and safety outcomes in an on-treatment after inverse probability of treatment weighting of new oral anticoagulant users with stage III chronic 
kidney disease. SE: Systemic embolism.

Figure 6 Hazard ratios (95% confidence interval) of effectiveness and safety outcomes in an intent-to-treat after inverse probability of treatment weighting of new oral anticoagulant users with stage III chronic 
kidney disease. SE: Systemic embolism.
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Table 1 Demographic and clinical characteristics of cohorts of new oral anticoagulation therapy users with stage III chronic kidney 
disease after inverse probability of treatment weighting from 2013 to 2017 (mean ± SD, %)

IPTW warfarin and 
rivaroxaban 15 mg

IPTW warfarin and 
rivaroxaban 20 mg

IPTW warfarin and 
apixaban 2.5 mg

IPTW warfarin and 
apixaban 5.0 mg

Warfarin (n 
= 3335)

Rivaroxaban 15 
mg (n = 744)

Warfarin (n 
= 3335)

Rivaroxaban 20 
mg (n = 1064)

Warfarin (n 
= 3335)

Apixaban 2.5 
mg (n = 1674)

Warfarin (n 
= 3335)

Apixaban 5.0 
mg (n = 2082)

Age (yr) 82.9 ± 8.6 82.8 ± 7.7 80.1 ± 10.8 79.1 ± 8.2 84.3 ± 8.3 84.5 ± 7.2 80.4 ± 10.2 80.2 ± 7.8

Female sex 56.5 56.5 54.8 52.3 58.2 59.0 54.3 53.9

CHA2DS2-VASc 4.1 ± 1.4 4.1 ± 1.3 3.9 ± 1.5 3.9 ± 1.5 4.2 ± 1.4 4.2 ± 1.3 3.9 ± 1.5 3.8 ± 1.3

CHADS2 score 3.0 ± 1.2 3.0 ± 1.2 2.8 ± 1.3 2.9 ± 1.2 3.0 ± 1.2 3.0 ± 1.1 2.9 ± 1.3 2.8 ± 1.1

HAS-BLED score 3.5 ± 1.3 3.5 ± 1.3 3.3 ± 1.5 3.4 ± 1.4 3.5 ± 1.3 3.5 ± 1.2 3.3 ± 1.4 3.3 ± 1.2

Charlson-Deyo 
Comorbidity Index

5.9 ± 3.4 6.0 ± 3.6 5.7 ± 3.5 5.9 ± 3.6 5.9 ± 3.4 5.8 ± 3.2 5.7 ± 3.5 5.7 ± 3.4

Frailty score 18.6 ± 6.2 18.6 ± 5.9 17.7 ± 6.7 17.6 ± 6.3 18.8 ± 6.2 18.8 ± 5.8 17.7 ± 6.6 17.5 ± 6.1

Comorbidities (including the index hospitalization and the three years prior to cohort entry)

Hypertension 86.2 86.5 83.9 85.2 86.9 86.9 84.5 84.0

Coronary artery disease 64.7 65.1 62.0 62.7 64.1 62.5 61.2 58.4

Acute myocardial 
infarction

21.1 20.3 18.9 17.5 20.9 20.9 18.8 15.8

Chronic heart failure 56.2 56.7 53.4 54.2 56.1 56.6 53.3 53.6

Cardiomyopathy 7.9 8.3 7.7 8.7 7.4 7.1 8.2 7.8

Other cardiac 
dysrhythmias

18.8 19.0 17.8 16.4 19.2 19.4 18.2 18.0

Valvular heart disease 26.1 27.1 24.9 24.6 25.7 25.6 23.5 22.3

Stroke/TIA 16.9 17.2 16.0 17.3 16.8 16.1 15.9 15.0

Peripheral vascular 
disease

27.7 27.5 26.6 25.9 27.3 26.2 25.6 23.2

Dyslipidemia 54.4 53.3 54.2 55.8 53.9 54.0 55.5 53.8

Diabetes 45.1 46.1 46.4 49.9 43.1 42.7 47.3 46.9

Major bleeding 38.5 38.3 37.0 39.3 38.3 37.0 36.2 34.8

Major intracranial 
bleeding

3.7 3.7 3.5 5.7 3.9 3.5 4.2 3.8

Major gastrointestinal 
bleeding

8.3 9.5 7.9 7.7 8.7 8.1 7.9 7.9

Other sites of major 
bleeding

32.0 30.9 30.9 32.4 31.8 31.2 29.8 28.8

Liver disease 2.6 2.8 2.9 2.9 2.5 2.4 2.7 2.5

Chronic obstructive 
pulmonary 
disease/asthma

44.0 44.2 46.0 49.7 42.2 42.1 44.5 45.3

Depression 11.8 11.5 12.2 11.8 11.7 11.4 12.1 11.9

Medical procedures (three years prior to cohort entry)

Cardiac catheterization 5.0 5.4 5.2 5.3 5.0 4.9 6.4 6.4

Percutaneous coronary 
intervention-stent

4.1 3.9 3.8 4.1 3.8 4.0 4.1 4.0

Coronary artery bypass 
grafting

0.6 0.5 0.8 0.7 0.5 0.5 1.2 1.2

Implantable cardiac 
device

0.1 0.1 < 0.1 < 0.1 < 0.1 0.0 < 0.1 0.0
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Medications (two weeks prior to cohort entry)

Statin 51.0 51.2 51.1 52.9 50.0 47.9 50.6 50.4

Antiplatelet 8.7 8.5 8.1 8.9 8.3 7.4 8.1 7.9

Low-dose ASA 35.3 35.5 34.8 35.2 35.6 34.9 33.9 33.4

Proton pump inhibitors 49.7 49.6 47.8 46.9 50.0 49.1 46.4 44.7

NSAIDs 0.9 0.9 1.3 1.6 0.9 1.0 1.2 1.2

Digoxin 9.3 10.6 9.1 10.1 9.2 9.0 8.9 8.7

Amiodarone 9.6 9.3 8.6 6.1 9.3 9.8 8.8 8.0

Antidepressants 10.5 10.1 10.4 10.5 10.6 10.3 10.2 10.4

Beta-blockers 62.5 63.1 61.4 61.1 63.8 62.8 62.4 62.5

Calcium channel blockers 42.9 42.6 41.9 39.8 42.7 43.2 41.4 41.0

Inhibitors of the renin-
angiotensin system

37.5 36.9 38.1 38.5 38.0 36.5 38.0 38.3

Diuretics 60.5 60.3 61.4 61.0 61.0 60.8 60.3 60.4

Loop diuretics 56.2 55.8 57.0 54.4 56.4 56.7 55.4 56.3

Antidiabetics 27.4 28.0 28.7 30.3 26.5 25.8 29.2 29.3

Health medical services (one year prior to cohort entry)

Consultations with 
specialist physicians

1.2 ± 2.4 1.2 ± 1.9 1.2 ± 2.5 1.2 ± 2.3 1.2 ± 2.4 1.2 ± 2.2 1.2 ± 2.6 1.2 ± 1.8

Consultations with family 
physicians

1.3 ± 3.3 1.3 ± 2.8 1.2 ± 3.1 1.2 ± 2.5 1.3 ± 3.4 1.4 ± 3.0 1.2 ± 3.2 1.2 ± 2.6

Emergency visits 3.4 ± 3.1 3.4 ± 2.9 3.4 ± 3.4 3.5 ± 3.0 3.4 ± 3.1 3.5 ± 2.9 3.4 ± 3.3 3.3 ± 2.8

Health hospital services (three years prior to cohort entry)

All-cause hospital 
admission

2.5 ± 2.1 2.5 ± 2.0 2.5 ± 2.4 2.6 ± 2.2 2.4 ± 2.0 2.5 ± 1.9 2.5 ± 2.3 2.4 ± 2.0

ASA: Acetylsalicylic acid; CKD: Chronic kidney disease; IPTW: Inverse probability of treatment weighting; NSAIDs: Nonsteroidal anti-inflammatory 
drugs; OAC: Oral anticoagulant; TIA: Transient ischemic attack.

Table 2 Sensitivity analysis of negative controls after inverse probability of treatment weighting in an on-treatment analysis

Incident rate of rivaroxaban 15 mg 100 PY 
(95%CI)

Incident rate of warfarin 100 PY 
(95%CI) HR (95%CI)1 P value

Diabetes complications 1.1 (0.2-2.0) 1.1 (0.6-1.5) 1.02 (0.40-2.60) 0.96

Incident rate of rivaroxaban 20 mg 100 PY (95%CI) Incident rate of warfarin 100 PY (95%CI) HR (95%CI)1 P value

Diabetes complications 1.5 (0.6-2.4) 1.0 (0.6-1.5) 1.48 (0.72-3.06) 0.29

Incident rate of apixaban 2.5 mg 100 PY (95%CI) Incident rate of warfarin 100 PY (95%CI) HR (95%CI)1 P value

Diabetes complications 0.8 (0.3-1.3) 1.2 (0.8-1.7) 0.66 (0.31-1.41) 0.28

Incident rate of apixaban 5.0 mg 100 PY (95%CI) Incident rate of warfarin 100 PY (95%CI) HR (95%CI) P value

Diabetes complications 0.7 (0.2-1.1) 1.4 (0.9-1.9) 0.49 (0.24-1.02) 0.06

A significant value is for P < 0.05 vs warfarin.
1For the negative control, we assessed the risk of diabetic complications (ICD-9: 250.1-250.9, 357.2, and 366.41; ICD-10: E10-E14 excluding E10.9, E11.9, 
E12.9, E13.0, and E14.9).
CI: Confidence interval; HR: Hazard ratio; PY: Person-years.
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Table 3 E-values for significant comparisons in an on-treatment analysis after inverse probability of treatment weighting of new oral 
anticoagulant users with stage III chronic kidney disease

Hazard ratio (95%CI) E value corresponding to the CI bound 
closest to 1

E value for hazard ratio point 
estimate1

Apixaban 2.5 mg vs warfarin

Safety composite 0.65 (0.43-0.99) 1.11 2.45

Apixaban 5.0 mg vs warfarin

Effectiveness composite 0.76 (0.65-0.88) 1.53 1.96

All-cause mortality 0.61 (0.43-0.88) 1.53 2.66

1E-value for hazard used the point estimate instead of the bound closest to 1.
CI: Confidence interval.

confounding effects in our primary analysis and we provided several sensitivity analyses.
Our study also had some limitations. First, observational studies of administrative data are subject to confounding bias 

by unadjusted factors, such as the severity of AF, the exact eGFR, the international normalized ratio, body weight, over-
the-counter prescriptions, and ethnicity. Second, use of administrative claims depends on comprehensive, accurate 
coding and recording of all diagnoses, drugs, and procedures. Third, it might not be possible to generalize our results to 
younger patients, or patients treated with other DOACs (dabigatran and edoxaban). Fourth, the effect sizes for individual 
safety and effectiveness outcomes were small. Fifth, we could not use time spent in the therapeutic range to assess the 
appropriateness of warfarin dosing, since our database did not record the international normalized ratio. Finally, our 
study did not include exact eGFR values; however, we estimated eGFR using an algorithm known to be valid in older 
adults[31].

CONCLUSION
In this observational study of new OAC users with AF and stage III CKD, we found that rivaroxaban is safe and effective 
relative to warfarin but if CrCl is between 30-49 mL/min, we need to reduce the dose to 15 mg. Apixaban 2.5 mg might 
even have a better safety profile than warfarin, while apixaban 5.0 mg might have a better effectiveness profile than 
warfarin, including a reduction in deaths. Appropriately sized RCTs are needed to confirm these findings in stage III 
CKD patients.

ARTICLE HIGHLIGHTS
Research background
The effectiveness and safety of apixaban and rivaroxaban in patients with atrial fibrillation (AF) and stage III chronic 
kidney disease (CKD) are not well established.

Research motivation
Few studies have evaluated the safety and efficacy of individual direct oral anticoagulants vs warfarin, nor have they 
established how dose selection impacts patients with AF and stage III CKD with respect to the incidence of stroke/
systemic embolism (SE), major bleeding, and death.

Research objectives
We assessed and compared the effectiveness and safety of standard-dose rivaroxaban, low-dose rivaroxaban, standard-
dose apixaban, and low-dose apixaban vs warfarin in a representative group of patients with AF and stage III CKD.

Research methods
A cohort of new users of apixaban, rivaroxaban or warfarin in AF patients and stage III CKD was created using adminis-
trative databases. We defined the effectiveness as a composite of stroke, SE or death; safety was defined as a composite of 
major bleeding within 1-year of follow-up. Comparisons were under treatment analysis using inverse probability of 
treatment weighting and Cox models.

Research results
Rivaroxaban 15 mg and 20 mg were associated with a similar efficacy and safety composite risk vs warfarin. Apixaban 5.0 
mg was linked with decreased effectiveness composite risk [hazard ratio (HR) 0.76; 0.65-0.88] and a similar safety risk 
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(HR 0.94; 0.66-1.35), compared with apixaban 2.5 mg, which was associated with a similar effectiveness composite (HR 
1.00; 0.79-1.26) and a lower safety risk (HR 0.65; 0.43-0.99).

Research conclusions
This observational study of new users of rivaroxaban and apixaban find that both appear to be safe and effective 
compared to warfarin in patients with AF and stage III CKD. Apixaban 2.5 mg might even have a better safety profile 
than warfarin, while apixaban 5.0 mg might have a better effectiveness profile than warfarin, to a reduction in deaths.

Research perspectives
The research perspective should be an appropriately sized randomized controlled trials to confirm these findings in AF 
patients with stage III CKD.
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Abstract
BACKGROUND 
Kidney biopsy serves as a valuable method for both diagnosing and monitoring 
kidney conditions. Various studies have identified several risk factors associated 
with bleeding complications following the procedure, but these findings have 
shown inconsistency and variation.

AIM 
To investigate the risk of bleeding complications following percutaneous kidney 
biopsy in Brunei Darussalam. We sought to explore the relevant clinical and 
pathological risk factors associated with these complications while also 
considering the findings within the broader international literature context.

METHODS 
We conducted a retrospective study of all adult patients who underwent kidney 
biopsy in Brunei Darussalam from October 2013 to September 2020. The outcomes 
of interest were post-biopsy bleeding and the need for blood transfusions. 
Demographics, clinical, laboratory and procedural-related data were collected. 
Logistic regression analysis was used to identify predictors of outcomes.

RESULTS 
A total of 255 kidney biopsies were included, with 11% being performed on 
transplanted kidneys. The majority of biopsies were done under ultrasound 
guidance (83.1%), with the rest under computer tomography guidance (16.9%). 
The most common indications for biopsy were chronic kidney disease of 
undefined cause (36.1%), nephrotic syndrome (24.3%) and acute kidney injury 
(11%). Rate of bleeding complication was 6.3% – 2% frank hematuria and 4.3% 
perinephric hematoma. Blood transfusion was required in 2.8% of patients. No 
patient lost a kidney or died because of the biopsy. Multivariate logistic regression 
identified baseline hemoglobin [odds ratio (OR): 4.11; 95% confidence interval 
(95%CI): 1.12-15.1; P = 0.03 for hemoglobin ≤ 11 g/dL vs. > 11 g/dL) and the 
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presence of microscopic hematuria (OR: 5.24; 95%CI: 1.43-19.1; P = 0.01) as independent risk factors for post-biopsy 
bleeding. Furthermore, low baseline platelet count was identified as the dominant risk factor for requiring post-
biopsy transfusions. Specifically, each 10  109/L decrease in baseline platelet count was associated with an 12% 
increase risk of needing transfusion (OR: 0.88; 95%CI: 0.79-0.98; P = 0.02).

CONCLUSION 
Kidney biopsies were generally well-tolerated. The identified risk factors for bleeding and transfusion can help 
clinicians to better identify patients who may be at increased risk for these outcomes and to provide appropriate 
monitoring and management.

Key Words: Kidney biopsy; Bleeding complications; Logistic regression; Retrospective cohort study; Risk

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study in Brunei Darussalam examined kidney biopsies from 2013 to 2020 and identified key risk 
factors for post-biopsy bleeding complications. Notably, it revealed that the presence of microscopic hematuria is a 
significant, previously unrecognized risk factor for such complications. Other findings included the impact of low baseline 
hemoglobin levels and platelet counts on bleeding and transfusion risk. These insights can assist clinicians in identifying 
high-risk patients and improving post-biopsy monitoring and care. Overall, the study enhances our understanding of kidney 
biopsy outcomes and patient safety.

Citation: Lim CY, Khay SL. Bleeding complications after percutaneous kidney biopsies – nationwide experience from Brunei 
Darussalam. World J Nephrol 2023; 12(5): 147-158
URL: https://www.wjgnet.com/2220-6124/full/v12/i5/147.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i5.147

INTRODUCTION
A kidney biopsy is a procedure used to diagnose and monitor kidney disease. However, it is not without risks, with 
bleeding being a major complication due to its invasive nature. Bleeding complications can range from self-limited 
hematuria and asymptomatic perinephric hematomas, to life-threatening hemorrhage that can lead to serious 
consequences such as hemodynamic instability, kidney loss, and even death. In current practice, kidney biopsies are 
commonly performed percutaneously using real-time ultrasound guidance, which has been shown to decrease the risk of 
complications[1,2]. Moreover, automated spring-loaded biopsy devices have been found to be more effective than hand-
driven systems, resulting in a higher yield of glomeruli and a reduction in major complications[3-5].

The frequency of complications following percutaneous native kidney biopsies varies across studies, mainly due to 
differences in patient populations, procedural techniques, complication definitions, and post-procedural monitoring. 
Although several risk factors for bleeding complications have been identified in different studies, the findings have been 
inconsistent[6]. A recent systematic review and meta-analysis that included 118064 biopsies reported that hematomas 
occurred in 11% of cases, frank hematuria in 3.5%, bleeding requiring blood transfusions in 1.6%, and interventions to 
stop bleeding in 0.3%[7].

In this study, we aimed to further investigate the risk of bleeding complications after percutaneous kidney biopsy and 
explore the associated clinical and pathologic risk factors. The study focused on a cohort of patients who underwent 
biopsies in Brunei Darussalam. By analyzing this specific group, the researchers aimed to provide more insights into the 
local context and shed light on factors that may contribute to bleeding complications.

MATERIALS AND METHODS
Study design and population
In this retrospective study, medical records of adult patients aged 18 years and above were reviewed over a period of 
seven years, from October 1, 2013, to September 30, 2020. The objective was to identify major bleeding complications 
associated with kidney biopsies. The analysis included only the first biopsy for patients who had multiple procedures. 
Kidney biopsy requests made by renal physicians were included, while those requested by urologists for investigating 
kidney lesions were excluded. Prior to the biopsy, informed consent was obtained from each patient. All antiplatelet and 
anticoagulation medications were stopped at least five days before the procedure, following the guidelines of the Society 
of Interventional Radiology[8]. Coagulation tests were performed a day before the biopsy, and if required, they were 
corrected using fresh frozen plasma or vitamin K to normalize the results. Pre-biopsy desmopressin was not 
administered. The biopsies were carried out in an inpatient setting, under local anesthesia, and with the guidance of 
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imaging techniques such as ultrasound or computed tomography (CT). In all cases, Bard Max-CoreTM disposable core 
biopsy instrument with 18-gauge needles were used, typically performing 2 or 3 passes in the lower left renal pole, with 
the patient in the prone position. The decision on the number of passes was made by the procedurist based on whether 
sufficient core samples were obtained. After the procedure, patients were prescribed strict bed rest in a supine position 
for at least 6 h and monitored for post-procedure hematuria. Imaging was conducted immediately after the biopsy to 
confirm hemostasis, but further imaging to detect perinephric hematoma was only performed if clinically necessary. 
Perinephric hematoma was defined as the presence of hematoma on imaging that was over 1 cm in any dimension. Full 
blood counts were routinely performed the next day, and blood transfusions were given if clinically indicated. The 
decision to resume antiplatelet medications for patients at high cardiovascular risk was made on an individual basis, 
considering the risks and benefits. The study adhered to the ethical standards outlined in the Declaration of Helsinki and 
received approval from the institutional review board. A waiver of consent was granted by the Medical and Health 
Research and Ethics Committee.

Outcomes and covariates
Data on biopsy-associated bleeding events were collected by review of patient records. Outcomes of interest were post-
biopsy bleeding (frank hematuria and/or perinephric hematoma), the need for blood transfusions, angiographic or open 
surgical interventions to control bleeding, nephrectomy and death. The timings of these bleeding events in relation to the 
procedure were also recorded.

Covariates examined included demographics (age, gender, ethnicity, height, weight), clinical (presence of 
hypertension, diabetes, whether dialysis was required before biopsy, biopsy indication), pre-biopsy laboratory 
(hemoglobin, platelet, serum creatinine, urea, albumin, total cholesterol, urine red blood cell, urine protein:creatinine 
ratio) and procedural-related (native or graft kidney, right or left kidney, procedurist, ultrasound or CT guided, number 
of passes, number of cores obtained) data.

Statistical analysis
mean ± SD were calculated for continuous parametric data, and medians and interquartile ranges for non-parametric 
data. Categorical data were reported using frequencies. For group comparisons, we used the Student t-test, Mann-
Whitney test, chi-square test or Fisher exact test, as appropriate.

Logistic regression analysis was used to identify risk factors associated with the outcomes. Univariate analysis was 
done for each variable, using the Wald test. Any variable with a significant univariate test at P value < 0.1 was then 
selected as a candidate for the multivariate model along with all variables of known biologic importance. We chose this P 
value cut-off point as more traditional levels such as 0.05 can fail in identifying variables known to be important.

Following the fit of the multivariable model, iterative process of variable selection was done where covariates were 
removed from the model if they were non-significant and not a confounder. Significant was evaluated at the 0.05 alpha 
level and confounding as a change in any remaining parameter estimate greater than 15% as compared to the full model. 
At the end of this iterative process, the model contains significant covariates and confounders. Any variable not selected 
for the original multivariate model is added back one at a time, with significant covariates and confounders retained 
earlier. Any that are significant at the 0.05 level are put in the model, and the model is iteratively reduced as before but 
only for the variables that were additionally added.

All statistical analyses were performed using STATA software application version 17.

RESULTS
Over the 7-year period, 255 kidney biopsies were performed (Tables 1 and 2). The mean age of the patients were 35.5 
years old, with mean weight of 72.3 kg. Out of the total, 28 procedures (11%) were conducted on transplanted kidneys. 
Notably, those performed with CT-guidance (16.9%) tended to involve patients with a higher average weight compared 
to those guided by ultrasound scan (83.1%) – with mean weights of 92 kg vs. 68 kg, respectively (P < 0.001). Forty-six 
percent of the patients had history of hypertension and 21% had history of diabetes. The primary reasons for performing 
biopsies were as follows: Chronic kidney disease of unspecified cause (36%), nephrotic syndrome (24%), and acute kidney 
injury (AKI) (11%). 10.2% of patients needed dialysis pre-biopsy. This decision was left at the discretion of the attending 
nephrologists. The median pre-biopsy serum creatinine was 158 [interquartile range (IQR): 80 to 381] µmol/L, 
hemoglobin 11.5 ± 2.6 g/dL and platelet count 300 ± 108.3  109/L. Out of the 255 kidney biopsies performed, only 5 
patients exhibited minor abnormalities in their coagulation tests prior to the procedure. This 2% incidence was deemed 
statistically insignificant. Importantly, none of these 5 patients experienced any bleeding complications post-biopsy. 
Consequently, our team decided not to incorporate coagulation tests as predictive factors. Moreover, it is worth noting 
that the occurrence of post-biopsy bleeding could not be linked to abnormal coagulation test results, as all patients 
involved in this study displayed normal coagulation results or had their abnormalities corrected before the biopsy. The 
mean size of the biopsied kidney was 11 ± 1.4 cm. Majority (92.4%) needed two passes.

Bleeding complications were observed in 16 (6.3%) patients, with 4.3% developing a perinephric hematoma and 2% 
experiencing frank hematuria. These bleeding complications happened at a median of 1-hour (IQR: 1-15 h) post-biopsy. 
The maximum duration was a 48 h delay. Blood transfusion was needed in a total of 7 (2.8%) patients. As shown in Tables 
3 and 4, both bleeding complications and need for blood transfusion were associated with very similar risk factors in the 
univariate analysis – the presence of microscopic hematuria, 4 needle passes (compared to 2 passes), lower baseline 
hemoglobin, platelet, complements, higher serum creatinine, urea, as well as anti-double stranded DNA and antinuclear 
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Table 1 Characteristics of study cohort (continuous variables)

Variables N = 255 Missing

Mean age in years 35.5 ± 14.3

Mean weight (kg) 72.3 ± 20.1 21

Mean hemoglobin (g/dL) 11.5 ± 2.6 1

Mean platelet (× 109/L) 300 ± 108.3 1

Median creatinine (µmol/L) 158 (80-381)

Median urea (mmol/L) 9.4 (5.5-15.8)

Mean albumin (g/L) 30.1 ± 9.1

Median cholesterol (mmol/L) 5.6 (4.6-8.2) 13

Median urine protein: Creatinine ratio (mg/mmol) 598 (239-1119) 20

Median 24hr urine total protein (g/day) 4.2 (1.7-7.8) 103

Mean complement C3 (g/L) 1 ± 0.4 43

Mean complement C4 (g/L) 0.28 ± 0.14 44

Mean size of biopsied kidney (cm) 11 ± 1.4 40

Table 2 Characteristics of study cohort (categorical variables)

Variables Classifications N = 255 Missing

Male gender 120 (47%)

Ethnicity Malay 207 (81.2%)

Chinese 6 (2.4%)

Indian 1 (0.4%)

Other 41 (16%)

Presence of hypertension 116 (45.5%)

Presence of diabetes 53 (20.8%)

Dialysis before biopsy 26 (10.2%)

Clinical syndrome Isolated hematuria 4 (1.6%)

Isolated non-nephrotic proteinuria 25 (9.8%)

Hemo-proteinuria 26 (10.2%)

Nephritic syndrome 2 (0.8%)

RPGN 1 (0.4%)

Nephrotic syndrome 62 (24.3%)

Nephritic-nephrotic syndrome 10 (3.9%)

AKI 28 (11%)

CKD of undefined cause 92 (36.1%)

Other 5 (2%)

Presence of urine RBC 108 (43.9%) 9

Presence of ANA 69 (29.5%) 31

Presence of anti-dsDNA 28 (15.5%) 74

Presence of ENA 28 (15.6%) 76

Presence of ANCA 8 (4.2%) 63

Presence of HBV 6 (2.6%) 27
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Presence of HCV 2 (0.9%) 34

Presence of HIV 2 (1%) 45

Transplanted (vs. native) kidney 28 (11%)

If native, right (vs. left) kidney 3 (1.3%)

Procedurist Radiologist 1 82 (34%) 15

Radiologist 2 28 (11.6%)

Radiologist 3 68 (28.2%)

Radiologist 4 13 (5.4%)

Radiologist 5 49 (20.3%)

Radiologist 6 1 (0.4%)

CT (vs. USS) guidance 43 (16.9%)

Number of passes 1 1 (0.5%) 57

2 183 (92.4%)

3 11 (5.6%)

4 3 (1.5%)

Number of cores 1 3 (1.5%) 48

2 188 (90.8%)

3 12 (5.8%)

4 4 (1.9%)

RPGN: Rapidly progressive glomerulonephritis; AKI: Acute kidney injury; CKD: Chronic kidney disease; RBC: Red blood cell; ANA: Antinuclear 
antibody; Anti-dsDNA: Anti-double stranded DNA; ENA: Extractable nuclear antigen antibodies; ANCA: Antineutrophil cytoplasmic antibodies; HBV: 
Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human Immunodeficiency virus; CT: Computer tomography; USS: Ultrasound scan.

antibodies positivity.
Multivariable logistic regressions were performed to assess factors associated with an increased risk of bleeding 

complications and the need for blood transfusion after kidney biopsy. As indicated in Table 3, there is a significant 
association between pre-biopsy hemoglobin levels [with an odds ratio (OR) of 4.11; 95% confidence interval (95%CI): 1.12-
15.1; P = 0.03 for hemoglobin  11 g/dL vs. >11 g/dL) and the presence of microscopic hematuria (with an OR of 5.24; 
95%CI: 1.43–19.1; P = 0.01), both linked to the occurrence of post-biopsy bleeding.

After adjustment for other variables, it was solely the pre-biopsy platelet level that emerged as the primary factor 
influencing the need for post-biopsy blood transfusions. For every decrease of 10000/µL in the initial platelet count, there 
was a corresponding 12% rise in the likelihood of requiring a blood transfusion (with an OR of 0.88; 95%CI: 0.79-0.98; P = 
0.02). There was no death, nephrectomy or angiographic or open surgical interventions needed to control bleeding. No 
differences in outcomes were found regarding the biopsy time period, first period from 2013 to 2016 years and second 
period from 2017 to 2020 (data not shown).

DISCUSSION
Our study has provided further evidence of the safety of kidney biopsy. We did not observe any nephrectomy or death 
after kidney biopsies performed in these 7 years. In a large meta-analysis, the rate of nephrectomy and death were 0.01% 
and 0.02% respectively[9].

The incidence of bleeding complications, specifically perinephric hematoma and frank hematuria, was found to be 
similar to that reported in other studies such as by Pombas et al[10] (5.44% hematoma, 2.57% frank hematuria) and Xu et 
al[11] (5.8% hematoma, 4.8% frank hematuria). However, two meta-analyses conducted by Poggio et al[7] and Corapi et al
[9] have reported a higher incidence of hematoma at 11% and 11.6% respectively, while the incidence of frank hematuria 
was found to be comparable at 3.5% in both meta-analyses.

In our study, the 2.8% incidence of blood transfusion after kidney biopsy is consistent with the findings of other studies 
such as Shidham et al[12] (2.48%). However, our rate is lower compared to some population-based studies from other 
countries such as United States (26%)[13], Canada (9%)[14], France (5%)[15], Boston (4.3%)[16] and Australia (4%)[17]. 
Some of these population-based studies overestimated the risks of blood transfusion as not all of the events were attrib-
utable to kidney biopsies, particularly if the cohort had high co-morbidities such as anemia and heart failure. On the other 
hand, our rate of blood transfusion is higher than some other studies, such as Poggio et al[7] (1.6%), Pombas et al[10] 
(1.2%), Andrulli et al[18] (1.1%), Corapi et al[9] (0.9%), Tøndel et al[19] (0.9%) and Kawaguchi et al[20] (0.8%).
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Table 3 Odds ratios for bleeding complications

Univariate logistic regression Multivariate logistic regression1

Variables Classifications
OR 95%CI P value OR 95%CI P value

Age (yr) 1.02 0.99-1.06 0.254

Gender Female Reference

Male 0.49 0.17-1.47 0.204

Ethnicity Malay Reference

Chinese 2.55 0.28-23.2 0.407

Indian NA NA NA

Other NA NA NA

Mean weight (kg) 1.01 0.98-1.04 0.428

Hypertension No Reference

Yes 1.2 0.44-3.31 0.720

Diabetes No Reference

Yes 1.8 0.60-5.42 0.297

Dialysis before biopsy No Reference

Yes 2.16 0.57-8.13 0.256

Clinical syndrome AKI Reference

Isolated hematuria NA NA NA

Isolated non-nephrotic 
proteinuria

NA NA NA

Hemo-proteinuria 0.33 0.03-3.43 0.355

Nephritic syndrome NA NA NA

RPGN NA NA NA

Nephrotic syndrome 0.28 0.04-1.80 0.180

Nephritic-nephrotic 
syndrome

NA NA NA

CKD of undefined cause 1.02 0.26-3.98 0.982

Other NA NA NA

Mean hemoglobin (g/dL) > 11 Reference Reference

≤ 11 5.04 1.40-18.15 0.0132 4.11 1.12-15.1 0.033

Mean platelet (× 109/L) > 250 Reference

≤ 250 3.23 1.13-9.20 0.0282

Median creatinine (µmol/L) < 265 Reference

≥ 265 3.62 1.27-10.3 0.0162

Median urea (mmol/L) < 10 Reference

≥ 10 3.8 1.19-12.12 0.0242

Mean albumin (g/L) 0.95 0.90-1.01 0.0802

Median cholesterol 
(mmol/L)

0.91 0.75-1.11 0.346

Presence of urine RBC No Reference Reference

Yes 6.1 1.7-22 0.0062 5.24 1.43-19.1 0.012

Median urine 
protein:creatinine ratio 
(mg/mmol)

1 0.9996-1.0005 0.787
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Median 24 h urine total 
protein (g/day)

0.92 0.78-1.09 0.351

Mean complement C3 (g/L) ≥ 0.8 Reference

< 0.8 3.35 1.20-9.36 0.0212

Mean complement C4 (g/L) ≥ 0.15 Reference

< 0.15 3.41 1.10-10.5 0.0332

Presence of ANA No Reference

Yes 2.98 1.03-8.58 0.0442

Presence of anti-dsDNA No Reference

Yes 3.94 1.19-13.1 0.0252

Presence of ENA No Reference

Yes 1.89 0.48-7.48 0.363

Presence of ANCA NA NA NA

Presence of HBV NA NA NA

Presence of HCV NA NA NA

Presence of HIV NA NA NA

Kidney type Native Reference

Transplanted 0.52 0.07-4.10 0.536

Site of kidney NA NA NA

Mean size of biopsied 
kidney (cm)

> 12 Reference

≤ 12 2.11 0.58-7.63 0.254

Procedurist Radiologist 1 Reference

Radiologist 2 0.30 0.04-2.48 0.265

Radiologist 3 0.51 0.15-1.73 0.277

Radiologist 4 0.68 0.08-5.83 0.722

Radiologist 5 0.17 0.02-1.38 0.101

Radiologist 6 NA NA NA

Guidance Ultrasound Reference

CT 2.39 0.79-7.28 0.124

Number of passes 1 NA NA NA

2 Reference

3 NA NA NA

4 8.65 0.72-103.7 0.0892

Number of cores 1 35.6 2.97-426.6 0.0052

2 Reference

3 NA NA NA

4 5.93 0.57-62.3 0.138

1Only P value < 0.05 in the multivariate analysis is shown.
2P value < 0.1.
OR: Odds ratio; 95%CI: 95% confidence interval; NA: Not applicable (as zero cell count); AKI: Acute kidney injury; RPGN: Rapidly progressive 
glomerulonephritis; CKD: Chronic kidney disease; RBC: Red blood cell; ANA: Antinuclear antibody; Anti-dsDNA: Anti-double stranded DNA; ENA: 
Extractable nuclear antigen antibodies; ANCA: Antineutrophil cytoplasmic antibodies; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human 
Immunodeficiency virus; CT: Computer tomography.
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Table 4 Odds ratios for blood transfusion

Univariate logistic regression Multivariate logistic regression1

Variables Classifications
OR 95%CI P value OR 95%CI P value

Age (yr) 1.00 0.95-1.05 0.951

Gender Female Reference

Male 0.44 0.08-2.33 0.338

Ethnicity Malay Reference

Chinese NA NA NA

Indian NA NA NA

Other NA NA NA

Mean weight (kg) 0.99 0.95-1.04 0.809

Hypertension No Reference

Yes 0.89 0.19-4.06 0.880

Diabetes No Reference

Yes 0.63 0.07-5.31 0.667

Dialysis before biopsy No Reference

Yes NA NA NA

Clinical syndrome AKI Reference

Isolated hematuria NA NA NA

Isolated non-nephrotic 
proteinuria

NA NA NA

Hemo-proteinuria NA NA NA

Nephritic syndrome NA NA NA

RPGN NA NA NA

Nephrotic syndrome 0.45 0.03-7.47 0.577

Nephritic-nephrotic 
syndrome

NA NA NA

CKD of undefined cause 1.55 0.17-13.9 0.694

Other NA NA NA

Mean hemoglobin (g/dL) > 11 Reference

≤ 11 6.67 0.79-56.2 0.0812

Mean platelet (10 × 109/L) 0.88 0.79-0.98 0.0212 0.88 0.79-0.98 0.021

Median creatinine (µmol/L) 1.001 0.999-1.003 0.105

Median urea (mmol/L) 1.068 0.999-1.141 0.0522

Mean albumin (g/L) 0.93 0.86-1.01 0.105

Median cholesterol 
(mmol/L)

0.94 0.71-1.24 0.654

Presence of urine RBC No Reference

Yes 8 0.95-67.5 0.0562

Median urine 
protein:creatinine ratio 
(mg/mmol)

1 0.9997-1.0006 0.415

Median 24 h urine total 
protein (g/day)

0.88 0.66-1.18 0.389

Mean complement C3 (g/L) ≥ 0.8 Reference
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< 0.8 6.32 1.20-33.3 0.0302

Mean complement C4 (g/L) ≥ 0.15 Reference

< 0.15 5.43 1.16-25.4 0.0322

Presence of ANA No Reference

Yes 6.39 1.21-33.8 0.0292

Presence of anti-dsDNA No Reference

Yes 12.6 2.18-72.5 0.0052

Presence of ENA No Reference

Yes 2.83 0.49-16.2 0.244

Presence of ANCA NA NA NA

Presence of HBV NA NA NA

Presence of HCV NA NA NA

Presence of HIV NA NA NA

Kidney type Native Reference

Transplanted 1.36 0.16-11.7 0.781

Site of kidney NA NA NA

Mean size of biopsied kidney 
(cm)

> 12 Reference

≤ 12 1.18 0.22-6.19 0.849

Procedurist Radiologist 1 Reference

Radiologist 2 NA NA NA

Radiologist 3 0.79 0.13-4.86 0.797

Radiologist 4 2.17 0.21-22.6 0.518

Radiologist 5 0.54 0.05-5.36 0.600

Radiologist 6 NA NA NA

Guidance Ultrasound Reference

CT 0.81 0.10-6.93 0.850

Number of passes 1 NA NA NA

2 Reference

3 NA NA NA

4 22.4 1.67-300.3 0.0192

Number of cores 1 23 1.71-308.7 0.0182

2 Reference

3 NA NA NA

4 15.3 1.30-181.4 0.0302

1Only p-value < 0.05 in the multivariate analysis is shown.
2p-value < 0.1.
OR: Odds ratio; 95%CI: 95%confidence interval; NA: Not applicable (as zero cell count); AKI: Acute kidney injury; RPGN: Rapidly progressive 
glomerulonephritis; CKD: Chronic kidney disease; RBC: Red blood cell; ANA: Antinuclear antibody; Anti-dsDNA: Anti-double stranded DNA; ENA: 
Extractable nuclear antigen antibodies; ANCA: Antineutrophil cytoplasmic antibodies; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human 
Immunodeficiency virus; CT: Computer tomography.

Our study found that patients with low baseline hemoglobin were more likely to experience bleeding complications, 
while those with low baseline platelet counts had an increased risk of requiring blood transfusion. This is consistent with 
findings from other studies, such as Pombas et al[10] and Xu et al[11]. Specifically, we observed that with every decrease 
of 10000/µL in the initial platelet count, there was a corresponding 12% rise in the likelihood of necessitating a blood 
transfusion. This is comparable to the 11% increase reported in the Xu et al[11] study.
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To our knowledge, our study is the first to show that the presence of microscopic hematuria is associated with bleeding 
complication following kidney biopsy. The reasons for this association are unclear, and it is possible that unmeasured 
confounding factors may contribute to both hematuria from glomerular bleeding and bleeding post-biopsy. Therefore, 
further evaluation in larger, prospective studies is needed before changes are made to clinical practice. Interestingly, a 
recent study by Andrulli et al[18] found that high proteinuria levels may actually protect against bleeding complications 
after biopsy. It is therefore important that variables including urinalysis (hematuria and/or proteinuria) be included in 
the regression models in future studies, to better elucidate this association.

Numerous studies have reported increased bleeding complications and the need for blood transfusions to be associated 
with factors such as presence of hypertension[12,21], presence of diabetes[22], poor kidney function[9,18,23,24], female
[17,25,26], elderly[9,27], larger biopsy needle[9,28], higher number of needle passes[18], AKI as indication for biopsy[7,9,
11,26]. We have not found these variables to be significant risk factors in our cohort. It is important to note that different 
studies may use different definitions of bleeding complications, have variation in patient selection, procedural technique 
or monitoring protocols, leading to variability in findings. Analyses of predictors of complications associated with kidney 
biopsy also vary across studies.

Our study found that majority of bleeding complications were identified within the first 1-15 h of the biopsy, but a 
significant proportion (2%-10%) occurred after 24 h[12,14,29]. Specifically, we observed that 6% of patients with bleeding 
complications experienced them after 24 h. Therefore, it is crucial to consider the appropriate post-biopsy observation 
period based on individual patient risk.

A strength of our study is the nationwide investigation that allowed for an extensive and in-depth analysis of risk 
factors for post-biopsy bleeding complications in the current era. However, our study has some limitations that should be 
considered. Our findings are limited by the relatively small sample size which may limit the power to detect significant 
associations. Residual confounding is also likely to be present in the retrospective study design. Additionally, we did not 
collect data on certain potential predictors, such as blood pressure and coagulation tests. We also did not evaluate the 
impact of antiplatelet use as it is already standard practice to withhold. Furthermore, a recent meta-analysis found no 
significantly increased risk for major bleeding complications in patients on aspirin[30]. Another limitation is that repeat 
imaging post-biopsy was not routinely performed, unless prompted by patient symptoms or hemodynamic instability. 
This may have led to ascertainment bias and potential underestimation of hematoma events.

Notwithstanding these limitations, the identified risk factors can still be utilized in clinical practice to effectively risk 
stratify patients and inform shared-decision making. Counseling patients on these known risks is imperative to achieving 
patient-centered care. We strongly suggest that modifiable risk factors be managed aggressively to lower the risk of 
bleeding.

CONCLUSION
In conclusion, our study shows that the risk of bleeding after kidney biopsy performed by radiologists is generally low. 
However, we found that bleeding complications were more frequent in patients with lower pre-biopsy hemoglobin level 
and those with microscopic hematuria. Patients with lower platelet counts also had a higher likelihood of requiring blood 
transfusion after kidney biopsy. While our findings support the safety of kidney biopsy, it is important to carefully 
evaluate patients in order to minimize the risks associated with the procedure.

ARTICLE HIGHLIGHTS
Research background
Kidney biopsy serves as a valuable method for both diagnosing and monitoring kidney conditions. However, various 
studies have identified several risk factors associated with bleeding complications following the procedure, but these 
findings have shown inconsistency and variation.

Research motivation
Identifying key factors that significantly predict complications following a kidney biopsy is valuable in providing 
patients with essential information when seeking their consent for the procedure.

Research objectives
Our primary objective was to investigate the risk of bleeding complications following percutaneous kidney biopsy in 
Brunei Darussalam. We sought to explore the relevant clinical and pathological risk factors associated with these complic-
ations while also considering the findings within the broader international literature context.

Research methods
We performed a retrospective review of records of patients who underwent percutaneous kidney biopsies in Brunei 
Darussalam from October 1, 2013 to September 30, 2020. The demographic, clinical, laboratory and procedural-related 
characteristics of the patients were reviewed.
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Research results
A total of 255 kidney biopsies were included. The incidence of bleeding (including hematuria and perinephric hematoma) 
stood at 6.3%. Blood transfusions were deemed necessary for 2.8% of patients, and fortunately, no patient suffered kidney 
loss or mortality due to the biopsy procedure. In a multivariable logistic regression analysis, two factors emerged as 
independent risk contributors for post-biopsy bleeding: baseline hemoglobin levels and the presence of microscopic 
hematuria. Additionally, a lower baseline platelet count emerged as the primary risk factor associated with the need for 
post-biopsy transfusions.

Research conclusions
Our findings align with existing research regarding the predictive risk factors for post-kidney biopsy bleeding complic-
ations. Nevertheless, our study uniquely highlights that the presence of pre-biopsy microscopic hematuria represents a 
notable and previously unreported risk factor for these complications.

Research perspectives
While our findings support the safety of kidney biopsy, it is important to carefully evaluate patients in order to minimize 
the risks associated with the procedure.
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Abstract
BACKGROUND 
Proteinuria is an important and well-known biomarker of many forms of kidney 
injury. Its quantitation is of particular importance in the diagnosis and ma-
nagement of glomerular diseases. Its quantification can be done by several 
methods. Among these, the measurement of 24-h urinary protein excretion is the 
gold standard method. However, it is cumbersome, time-consuming, and 
inconvenient for patients and is not completely foolproof. Many alternative 
methods have been tested over time albeit with conflicting results. Among the 
latter, the measurement of urine protein-to-creatinine ratio (uPCR) in single-
voided urinary samples is widely used. The majority of studies found a good 
correlation between uPCR in single urine samples with 24-h urinary protein 
estimation, whereas others did not.

AIM 
To investigate the correlation of spot uPCR with 24-h urinary protein estimation 
in patients suffering from different forms of glomerulopathies at a single large-
volume nephrological center in Pakistan.

METHODS 
This cross-sectional, observational study was conducted at the Department of 
Nephrology, Sindh Institute of Urology and Transplantation, Karachi, Pakistan 
from September 2017 to March 2018. All newly presenting adult patients with 
proteinuria who were being investigated for suspected glomerulonephritis and 
persistent proteinuria with ages between 18 to 60 years were enrolled. All patients 
were given detailed advice regarding 24-h urine collection starting at 7:00 AM for 
total protein and creatinine excretion estimations. A spot urine sample was 
collected the next day at the time of submission of a 24-h urine sample for 
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measuring uPCR along with a blood sample. The data of patients were collected in a proforma. SPSS version 20.0 
was used for statistical analysis.

RESULTS 
A total of 157 patients were included. Their mean age was 30.45 ± 12.11 years. There were 94 (59.8%) males and 63 
(40.2%) females. The mean 24-h urinary protein excretion was 3192.78 ± 1959.79 mg and the mean spot uPCR was 
3.16 ± 1.52 in all patients. A weak but significant correlation was observed between spot uPCR and 24-h urinary 
protein excretion (r = 0.342, P = 0.01) among all patients. On subgroup analysis, a slightly better correlation was 
found in patients older than 47 years (r = 0.78), and those with body mass index > 25 kg/m2 (r = 0.45). The Bland 
and Altman's plot analysis comparing the differences between spot uPCR and 24-h protein measurement also 
showed a wide range of the limits of agreement between the two methods.

CONCLUSION 
Overall, the results from this study showed a significant and weakly positive correlation between spot uPCR and 
24-h urinary protein estimation in different forms of glomerulopathies. The agreement between the two methods 
was also poor. Hence, there is a need for careful interpretation of the ratio in an unselected group of patients with 
kidney disease.

Key Words: Glomerulopathies; 24-h proteinuria; Spot urinary protein-to-creatinine ratio; Correlation; Proteinuria; Agreement

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The quantitation of proteinuria is of particular importance in the diagnosis and management of glomeruloneph-
ritides. The measurement of 24-h urinary protein excretion is the gold standard. However, it is cumbersome, time-
consuming, and inconvenient for patients. The measurement of urine protein-to-creatinine ratio (uPCR) is the most popular 
alternative. Numerous studies have been conducted on the correlation of these two methods with conflicting results. We 
assessed the correlation and the degree of agreement between the two methods. We conclude that uPCR shows poor 
correlation and poor agreement with 24-h proteinuria. It must be interpreted with caution in an unselected group of glomer-
ulopathies.

Citation: Raza A, Nawaz SH, Rashid R, Ahmed E, Mubarak M. The correlation of spot urinary protein-to-creatinine ratio with 24-h 
urinary protein excretion in various glomerulopathies. World J Nephrol 2023; 12(5): 159-167
URL: https://www.wjgnet.com/2220-6124/full/v12/i5/159.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i5.159

INTRODUCTION
Proteinuria is an early sign of glomerular diseases and its quantification for the initial evaluation and follow-up of 
patients with glomerulonephritis (GN) is routine in clinical practice. It is not only indispensable in making a diagnosis 
but is also used in monitoring the treatment response of kidney diseases. In fact, remission of proteinuria in some 
glomerular diseases represents the most powerful predictive factor for ultimate clinical outcomes[1,2]. In some clinical 
settings, such as nephrotic syndrome, its magnitude directly reflects the disease activity. As protein excretion varies 
during the course of a day, its estimation in 24-h urine collection is the gold standard method for the evaluation of 
proteinuria, but this method is cumbersome, time-consuming, more expensive, uncomfortable to the patient, and prone to 
errors due to under-collection or over-collection of multiple voided samples in a time-dependent manner. Moreover, it 
cannot be performed in some groups of patients such as children, the elderly, and physically and mentally disabled 
patients[3-5]. Since 1983, when Ginsberg et al[6] used the ratio as an alternative to 24-h proteinuria, many studies have 
been carried out using protein-to-creatinine ratios (PCRs) in spot or single-voided urine samples in different clinical 
settings to correlate these results with 24-h proteinuria, with a correlation ranging from 0.6-0.9 in different studies[7-10]. 
However, urinary PCR (uPCR) is also influenced by certain features like age, sex, race, muscle mass, and the timing of the 
urine sample. A sole reliance on uPCR to start or defer specific immunosuppressive treatment without considering these 
features may be inappropriate. Low muscle mass in the South Asian population has been shown to be an important 
determinant of low creatinine excretion[11-17]. This is particularly true in elderly, females, and malnourished patients. 
All these conditions will cause a relatively high uPCR for the same degree of proteinuria.

The correlation between the above two methods of estimation of proteinuria is also influenced by types of renal 
disease, degree of deterioration in kidney function and degree of proteinuria. Weak correlation is observed in cases of 
severe kidney failure, interstitial nephritis or severe proteinuria[3-5].

There are very few studies from Pakistan comparing uPCR with 24-h urine protein excretion and only one was done in 
patients with normal glomerular filtration rate[13,14]. An excellent correlation (r = 0.96) was found between random 
uPCR and standard 24-h urinary protein excretion in these patients (P < 0.001)[13]. However, the difference between 
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uPCR and 24-h protein excretion was not reported.
The objective of this study was to compare estimated protein excretion by uPCR with measured 24-h urine protein 

excretion in patients with different types of glomerulopathies at a single center in Pakistan.

MATERIALS AND METHODS
This cross-sectional and observational study was conducted at the outpatient clinic of the Department of Nephrology, 
Sindh Institute of Urology and Transplantation between 28th September 2017 and 28th March 2018. Eligibility for the study 
were adult subjects with the suspected glomerular disease with dipstick-positive proteinuria on the day of recruitment. 
Consecutive patients who agreed to submit a 24-h urine sample, who were more than 18 years old, and who were not 
diabetic were included. Exclusion criteria were chronic kidney disease stage 5 based on the Cockcroft-Gault formula, 
urinary tract infection, and those deemed incapable of collecting 24-h urine.

All patients were informed about the study’s purpose and written consent was obtained. Patients were given detailed 
advice regarding 24-h urine collection from morning to the next morning. A wide-mouthed container was provided to 
every patient for collecting the 24-h urine. Patients were asked to collect the 24-h urine of their most convenient day and 
bring it on the day of completion. A spot urine sample was taken on the submission day for measuring the uPCR. A 
blood sample was taken at the same time. All samples were transported to the laboratory immediately. Serum creatinine 
and urinary creatinine (mg/dL) concentrations were determined using the modified Jaffe’s method on an auto-analyzer. 
Creatinine clearance was calculated by the standard formula. Urinary protein concentration was determined with the 
colorimetric method using pyrogallol red. To assess the completeness of the collection, creatinine excretion in a 24-h urine 
sample was used. Specimens with creatinine excretion of 15-25 mg/kg in males, and 12-20 mg/kg in females, were 
considered adequate. Patients with creatinine excretion outside these ranges were excluded from the study.

The statistical analysis for this research was done by using SPSS version 22.0 (IBM Corp, Armonk, NY, United States). 
mean ± SD were evaluated for continuous data such as age, weight, height, body mass index (BMI), 24-h urinary volume, 
urinary protein excretion, serum creatinine, creatinine clearance, and spot uPCR. For categorical data such as gender, the 
frequency and percentages were calculated. Correlation between spot uPCR and 24-h urinary protein excretion was 
carried out using Pearson’s correlation coefficient (r). P-value ≤ 0.05 was taken as significant. Bland and Altman plot was 
drawn using the average of protein excretion by both the methods on the X-axis and the difference between 24-h urinary 
protein and spot uPCR on the Y-axis. Mean bias and 95% confidence limits for the degree of agreement between the two 
methods were also calculated.

RESULTS
The main demographic, clinical and laboratory characteristics of the study population (n = 157) are shown in Table 1. The 
mean age of all patients was 30.45 ± 12.11 years. There were 94 (59.8%) males and 63 (40.2%) females. The majority of the 
patients (n = 133, 74.53 %) had a BMI of < 25 kg/m2. The mean values of urinary protein excretion by both methods were 
similar to each other, with maximum values of protein excretion by both being less than 10 g/24 h. The mean 24-h 
urinary creatinine excretion was 834.96 ± 391.43 mg/24 h. The histopathological results of kidney biopsies in these 
patients are also shown in Table 1. It is apparent that focal segmental glomerulosclerosis and membranous GN were the 
two most common lesions followed by a variety of less common other pathological lesions. A positive, fair, and 
significant correlation between spot uPCR and 24-h urinary protein excretion (r = 0.342, P-value < 0.001) in the entire 
group (Figure 1). On subgroup analysis, a slightly better correlation was found in patients older than 47 years, and those 
with BMI > 25 kg/m2 (Table 2).

Bland and Altman's plot comparing the differences between spot uPCR and 24-h protein measurement is depicted in 
Figure 2. The mean bias was 373 mg; however, the limits of agreement were fairly wide (from -3682 to 4069 mg). The 
scatter of differences increased as the amount of proteinuria increased. The mean bias and limits of agreement in the 
groups with less than and more than 3000 mg protein excretion are shown in Figures 3 and 4, respectively. Briefly, the 
mean bias was -93.64 mg and the limits of agreement were -2861.53 to 2674.25 mg in the group of patients with less than 
3000 mg of proteinuria. These values were 158.36 and -4738.46 to 5035.18 mg in the group of patients with more than 3000 
mg of proteinuria. As is obvious, the limits are wider with increasing levels of proteinuria.

DISCUSSION
The quantification of proteinuria is an important investigation in patients with various glomerular diseases. It not only 
helps in making a diagnosis but also helps in follow-up to monitor disease progression, and often, important therapeutic 
decisions are made based on its exact value. The traditional reference method, 24-h urine protein measurement, is a 
cumbersome and tedious test, and therefore spot uPCR has replaced it in clinical practice due to its simplicity, 
convenience, and presumed accuracy. Initial studies focused more on the correlation between the two methods and not 
surprisingly a moderate to strong correlation (0.57 to 0.9) was reported in different studies[1-5].

In the present study, a fair correlation of spot uPCR with 24-h urinary protein measurement was observed. Although 
this was statistically significant, it is lower than the previously described correlation in many other studies[1-5,7-10,18-
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Table 1 The main demographic, clinical, laboratory, and pathology characteristics of the study population (157)

Parameters Values

Age (yr) 30.45 ± 12.108

Weight (kg) 59.70 ± 15.067

Height (cm) 163.98 ± 11.476

Body mass index (kg/m2) 22.30 ± 5.65

Serum creatinine (mg/dL) 1.00 ± 0.54

24-h urinary creatinine (mg/24-h) 834.12 ± 391.43

Creatinine clearance (ml/min) 75.05 ± 33.55

Spot urine protein (mg/dL) 296.04 ± 159.65

Spot urine creatinine (mg/dL) 108.83 ± 58.01

24-h urine protein excretion (mg/24-h) 3192.78 ± 1959.79

Spot urine protein to creatinine ratio (mg/mg) 3.15 ± 1.52

24-h urine volume 1711.40 ± 882.03

Histopathological diagnosis, n (%)

    Focal segmental glomerulosclerosis 52 (33.12)

    Membranous glomerulonephritis 44 (28)

    Mesangiocapillary glomerulonephritis 28 (17.83)

    IgM nephropathy 11 (7)

    Lupus nephritis 10 (6.36)

    Minimal change disease 4 (2.54)

    Others 8 (5.09)

All values are in mean ± SD, unless otherwise specified.

Table 2 Correlation of spot urine protein-to-creatinine ratio with 24-h urinary protein estimation stratified according to age and body 
mass index

Parameters No of patients (n) Correlation coefficient (r) P value

Age (yr) groups

    34-46 35 0.475 0.004

    > 47 21 0.780 0.001

BMI (kg/m2) ranges                           

    23-25 24 0.411 0.046

    > 25 40 0.459 0.00

Proteinuria                           

    < 3000 mg/d 79 0.021 0.28

    ≥ 3000 mg/d 78 0.216 0.058

BMI: Body mass index.

21]. These results are not entirely explained on the basis of extremes of proteinuria in our population. The median protein 
excretion in our population was 2970 mg in 24 h, and we, therefore, stratified them according to proteinuria above and 
below 3000 mg to see if the correlation changes, as most of the therapeutic decisions are taken when proteinuria is above 
3000 mg. There was an equal number of patients in the two groups (79 in < 3000 mg group, and 78 in ≥ 3000 mg group). 
The correlation was much weaker in the group with protein excretion of less than 3000 mg and failed to reach statistical 
significance. In the group with protein excretion of more than 3000 mg in 24 h, the correlation with spot uPCR was just 
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Figure 1 Correlation between spot urine protein-to-creatinine ratio and 24-h urinary protein excretion in all patients (n = 157).

Figure 2 Bland and Altman plot comparing the differences between spot urine protein-to-creatinine ratio and 24-h protein measurement 
against the mean of the measurement by the two methods. The mean bias is 373 mg; however, the limits of agreement are fairly wide (from -3682 to 
4069 mg), particularly as the mean of the two methods rises.

significant (P = 0.058). There were 13 patients in our group who had protein excretion in excess of 6000 mg and after 
excluding them from the group of 78 patients with protein excretion ≥ 3000 mg, the correlation with spot uPCR (r = 0.295) 
became significant (P = 0.02). Similarly, there were 12 patients in the group with protein excretion < 3000 mg who had 
proteinuria of less than 1000 mg, and after excluding them from this group, when we recalculated the correlation with 
spot uPCR it remained weak (r = 0.21).

As is well known, uPCR is also influenced by gender, as females have lower creatinine excretion due to lower muscle 
mass and this can give rise to a higher ratio compared to males for a similar degree of proteinuria. However, the 
correlation was not much different when we stratified the entire group according to gender. Besides the degree of 
proteinuria and gender, uPCR is also influenced by renal function, the timing of random (spot) urine specimens, and the 
handling of urine samples[10,11]. The mean creatinine clearance in this study population was 75 mL/minute, and 75% of 
the population had serum creatinine less than 1.23 mg/dL; therefore it is unlikely that the ratio was influenced by 
compromised renal functions. Patients were asked to submit spot urine samples on the following day of 24-h urine 
collection, but this sample was taken at different times of day in individual patients and physical activity may have 
influenced protein excretion in some patients who had come late for submitting their specimens.
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Figure 3 The mean bias and limits of agreement in the group of patients with protein excretion of less than 3000 mg. The mean bias is -93.64 
mg and the limits of agreement are -2861.53 to 2674.25 mg in this group of patients.

Figure 4 The mean bias and limits of agreement in the group of patients with more than 3000 mg protein excretion. The mean bias is 158.36 
mg and the limits of agreement are -4738.46 to 5035.18 mg in this group of patients.

One possible explanation for the poor correlation between uPCR and 24-h urinary protein measurement is that the 
latter assumes a creatinine excretion of 1000 mg/d which may be incorrect in some populations[6]. Around 50% of our 
population had a BMI of < 21.5 kg/m2 suggesting low muscle mass and hence low creatinine excretion. Indeed, when we 
analyzed the correlation between spot uPCR and 24-h urine protein excretion in the group of patients with BMI >25 
kg/m2, we observed a much stronger correlation than patients with lower BMI (r = 0.45, P = 0.003).

More important than correlation from the clinical perspective is the degree of agreement or the difference between two 
measurements. To replace 24-h measurement with uPCR in spot urine samples for clinical decision-making, it is prudent 
to see whether the two techniques agree sufficiently. In this study, the limits of agreement were fairly wide, more so with 
higher grades of proteinuria. Irrespective of the fact that whether proteinuria was sub-nephrotic or in the nephrotic range, 
these differences are unacceptable. In an earlier study of 170 proteinuric patients, good agreement between the two 
methods was reported in the range between 200 mg and 3.5 g protein excretion[22]. A meta-analysis of 13 studies in 
patients with systemic lupus erythematosus showed poor agreement between the two methods[23]. In a study using 
NEPTUNE cohort of patients, there was modest correlation between the two methods, and both correlation and predict-
ability improved on Log10 transformation of values[24]. Only 25% of patients in NEPTUNE cohort had nephrotic 
syndrome, making it difficult to generalize it for higher grades of proteinuria. Lately, in a single center study of 142 
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proteinuric patients, a poor agreement was reported between 24-h urine protein excretion and uPCR from different timed 
spot samples. The limits of agreement were widest when protein excretion exceeded 3.5 g in 24 h (-3.2 to 8.2)[25].

Our study has certain limitations. It is a single center and single laboratory-based study. We used uPCR rather than 
albumin: Creatinine ratio, which is more reliable compared to uPCR. Spot urine samples were taken at different times of 
day in individual patients which may have affected protein excretion and hence its concentration. Some patients were 
already on steroids, which causes sarcopenia and decreases creatinine excretion resulting in higher uPCR. Moreover, 
specific disease diagnoses were not recorded in this study. Some of the patients might have had non-glomerular 
pathology. The main strength of our study is the broad range of proteinuria used for comparison, with a nearly equal 
number of patients below and above the nephrotic threshold of proteinuria. The spot urine sample was collected on the 
very next day of 24-h urine collection so that both represented similar pathophysiology. Although 24-h urine protein 
excretion is considered the gold standard test for accurate estimation of proteinuria, over-collection and under-collection 
of urine sample affects its accuracy[26-28]. We tried to mitigate this issue by excluding patients who had creatinine 
excretion outside the expected range based on their weight.

CONCLUSION
In conclusion, considering the overall poor correlation and the wide limits of agreement between 24-h urine protein 
excretion and uPCR, the latter should be used with great caution to predict protein excretion in patients with glomerular 
disease. This is more so when important therapeutic decisions are being made based on the degree of proteinuria.

ARTICLE HIGHLIGHTS
Research background
There are a number of methods by which the quantification of protein excretion in urine is done to inform clinical 
decisions. Among these, the estimation of protein excretion in the 24-h urinary sample is the traditional and gold 
standard method. However, it is cumbersome, time-consuming, and prone to errors. The alternative method of 
measuring urine protein-to-creatinine ratio (uPCR) is used widely in clinical practice as it is quick, patient-friendly, and 
reliable. The available data on the correlation between the above two methods is controversial.

Research motivation
We also heavily rely on uPCR for our routine patient care. However, we do not know how it correlates with 24-h urinary 
protein excretion. This motivated us to determine the correlation and degree of agreement between the two tests, so that 
we should use uPCR results accordingly.

Research objectives
The objectives of this study were to determine the correlation of spot uPCR with 24-h urinary protein excretion test and in 
particular, the degree of agreement between the two tests, in patients suffering from various forms of glomerulopathies 
so that we may use this test with caution in future.

Research methods
This was a cross-sectional, observational study conducted on all newly presenting adult patients (age: 18 to 60 years) with 
proteinuria who were being investigated for suspected glomerulonephritis (GN). All patients were counseled regarding 
24-h urine collection. A spot urine sample was collected the next day at the time of submission of a 24-h urine sample for 
measuring uPCR along with a blood sample. SPSS version 20.0 was used for statistical analysis.

Research results
A total of 157 patients with a mean age of 30.45 ± 12.11 years were included. There were 94 (59.8%) males and 63 (40.2%) 
females. The mean 24-h urinary protein excretion was 3192.78 ± 1959.79 mg and the mean spot uPCR was 3.16 ± 1.52 in all 
patients. A significant but poor correlation was observed between spot uPCR and 24-h urinary protein excretion (r = 
0.342, P = 0.01) among all patients. On subgroup analysis, a slightly better correlation was found in patients older than 47 
years (r = 0.78), and those with body mass index > 25 kg/m2 (r = 0.45). Bland and Altman's plot analysis of the two tests 
also showed a wide range of the limits of agreement between the two methods.

Research conclusions
The results from this study show a significant, positive but poor correlation between spot uPCR and 24-h urinary protein 
estimation in various types of glomerular diseases. The agreement between the two methods was also poor. Hence, there 
is a need for careful interpretation of the ratio in an unselected group of patients with glomerular diseases.

Research perspectives
There is a need to conduct a well-planned, international, multi-center study to resolve the controversy of correlation and 
agreement between the two most widely used methods of proteinuria estimation in clinical practice.
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Abstract
BACKGROUND 
Hypertension is commonly observed in patients living with chronic kidney 
disease (CKD). Finding an optimal treatment regime remains challenging due to 
the complex bidirectional cause-and-effect relationship between hypertension and 
CKD. There remains variability in antihypertensive treatment practices.

AIM 
To analyze data from the Salford Kidney Study database in relation to antihyper-
tensive prescribing patterns amongst CKD patients.

METHODS 
The Salford Kidney Study is an ongoing prospective study that has been 
recruiting CKD patients since 2002. All patients are followed up annually, and 
their medical records including the list of medications are updated until they 
reach study endpoints [starting on renal replacement therapy or reaching 
estimated glomerular filtration rate (eGFR) expressed as mL/min/1.73 m2 ≤ 10 
mL/min/1.73 m2, or the last follow-up date, or data lock on December 31, 2021, or 
death]. Data on antihypertensive prescription practices in correspondence to 
baseline eGFR, urine albumin-creatinine ratio, primary CKD aetiology, and 
cardiovascular disease were evaluated. Associations between patients who were 
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prescribed three or more antihypertensive agents and their clinical outcomes were studied by Cox regression 
analysis. Kaplan-Meier analysis demonstrated differences in survival probabilities.

RESULTS 
Three thousand two hundred and thirty non-dialysis-dependent CKD patients with data collected between 
October 2002 and December 2019 were included. The median age was 65 years. A greater proportion of patients 
were taking three or more antihypertensive agents with advancing CKD stages (53% of eGFR ≤ 15 mL/min/1.73 
m2 vs 26% of eGFR ≥ 60 mL/min/1.73 m2, P < 0.001). An increased number of patients receiving more classes of 
antihypertensive agents was observed as the urine albumin-creatinine ratio category increased (category A3: 62% 
vs category A1: 40%, P < 0.001), with the upward trends particularly noticeable in the number of individuals 
prescribed renin angiotensin system blockers. The prescription of three or more antihypertensive agents was 
associated with all-cause mortality, independent of blood pressure control (hazard ratio: 1.15; 95% confidence 
interval: 1.04-1.27, P = 0.006). Kaplan-Meier analysis illustrated significant differences in survival outcomes 
between patients with three or more and those with less than three antihypertensive agents prescribed (log-rank, P 
< 0.001).

CONCLUSION 
Antihypertensive prescribing patterns in the Salford Kidney Study based on CKD stage were consistent with 
expectations from the current United Kingdom National Institute of Health and Care Excellence guideline 
algorithm. Outcomes were poorer in patients with poor blood pressure control despite being on multiple 
antihypertensive agents. Continued research is required to bridge remaining variations in hypertension treatment 
practices worldwide.

Key Words: Hypertension; Chronic kidney disease; Antihypertensive agents; Prescribing patterns; Cardiovascular 
complications; Renin angiotensin system blockers

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is an observational study that prospectively evaluated antihypertensive prescribing patterns in 3230 non-
dialysis chronic kidney disease (CKD) patients over a 20-year period. Antihypertensive prescribing patterns based on CKD 
stage were consistent with expectations from the United Kingdom National Institute of Health and Care Excellence guideline 
algorithm and other international guidelines in relation to hypertension management in CKD.

Citation: Chinnadurai R, Wu HHL, Abuomar J, Rengarajan S, New DI, Green D, Kalra PA. Antihypertensive prescribing patterns in 
non-dialysis dependent chronic kidney disease: Findings from the Salford Kidney Study. World J Nephrol 2023; 12(5): 168-181
URL: https://www.wjgnet.com/2220-6124/full/v12/i5/168.htm
DOI: https://dx.doi.org/10.5527/wjn.v12.i5.168

INTRODUCTION
Chronic kidney disease (CKD) is a progressive disease defined by the presence of structural or functional abnormalities 
within the kidney for 3 mo or more according to the Kidney Disease Improving Global Outcomes (KDIGO)[1]. Touted as 
an emerging public health issue of the 21st century, the prevalence of CKD is exponentially growing and is projected to 
become the fifth-leading cause of mortality globally by 2040[2]. The aetiology of CKD is multidimensional and complex, 
of which there are various causes and consequences[3-5]. Other than diabetes mellitus, hypertension is a major 
contributor towards the progression of CKD and a leading consequence of CKD[6]. Depending on the stage of CKD, the 
prevalence of hypertension in CKD populations varies (ranging between 67% and 92%, according to previously published 
data), but the majority of patients with CKD are likely to have hypertension[7,8]. Given the potential health consequences 
of hypertension over time, namely its associated cardiovascular risks and risk of further kidney damage, adequate control 
of blood pressure (BP) in the CKD population is of vital importance to improve clinical outcomes[9,10].

It is not known to what extent clinicians adopt guideline-recommended or preferred antihypertensive treatment 
approaches for their CKD patients in the real-world setting[7,11]. Previous electronic health record and prospective 
longitudinal studies noted clinicians primarily prescribed angiotensin-converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARB) for CKD patients with hypertension, but varying combinations of antihypertensive 
prescription over time was noted when all antihypertensive agents are considered[12-16]. It remains largely unestab-
lished which combination(s) of antihypertensive agents would generate the best results in terms of BP control and other 
clinical outcomes. Aiming to address these unknowns, our study evaluated trends and patterns relating to antihyper-
tensive prescription over a 20-year period in patients identified with non-dialysis-dependent CKD included in the Salford 
Kidney Study (SKS).
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MATERIALS AND METHODS
Study cohort
Our investigation was conducted on patients enrolled in the non-dialysis-dependent CKD arm of the SKS (SKS-CKD). 
The SKS-CKD is an ongoing long-term prospective observational study that has been recruiting patients with CKD since 
the year 2002. Details of study recruitment in the SKS have been described in previously published literature[17,18]. In 
brief, any CKD patient above the age of 18 years and able to provide informed consent is recruited. At study baseline (i.e. 
date of recruitment), data including demographic information, comorbidities, physical parameters (weight, height, BP, 
heart rate, etc) and a detailed medication history is recorded. The patients are then followed up annually to update their 
comorbidity status and medication list until they reach a study endpoint [which may include death, starting on renal 
replacement therapy (RRT), reaching estimated glomerular filtration rate (eGFR) ≤ 10 mL/min/1.73 m2, the last follow-up 
date, or data lock of December 31, 2021 for this study]. All haematological and biochemical variables at study and routine 
clinic visits are recorded from electronic patient records.

Study definitions
In the SKS, hypertensive status was defined as being on antihypertensive agents or recorded as having a history of 
hypertension in general practitioner records. A smoking history was defined as current or past history of smoking, and a 
similar definition was followed in the collection of alcohol history. Body mass index was calculated using weight in 
kilograms and height in meters (kg/m2). End stage kidney disease (ESKD) was defined as starting on RRT or reaching an 
eGFR ≤ 10 mL/min/1.73 m2 for patients who opted for conservative care. We defined renin angiotensin system (RAS) 
blockers as being ACEI or ARB or renin inhibitors.

Data and statistical analysis
The baseline characteristics of the cohort were grouped based on CKD stages (categorized by eGFR) and proteinuria 
[categorized by urine albumin-creatinine ratio (uACR)]. uACR was calculated from urine protein-creatinine ratio (uPCR). 
This involved initial conversion from mg/mmol to mg/g by multiplication of 8.84, and further conversion from uPCR 
(uPCR: the standard measure in this real world population) to uACR as per the standardized formula in the kidney 
failure risk equation[19].

Prescription patterns of antihypertensive agents at baseline were presented corresponding to eGFR categories, uACR 
categories, primary kidney disease aetiology, and cardiovascular disease. Antihypertensive agent(s) prescribing trends 
were also examined at the 12-mo and 24-mo follow-up.

When presenting results from our statistical analyses, continuous variables were expressed with the median value 
(interquartile range). After checking for the normality of distribution, the P value was calculated by the Kruskal-Wallis H 
test. Categorical variables are expressed as frequencies in absolute number form (percentage), with P values calculated by 
the χ2 test. The association between being prescribed three or more antihypertensive agents and clinical outcomes (i.e. all-
cause mortality and reaching ESKD) was studied by univariate and multivariate Cox regression analysis. The 
multivariable models were developed by including variables in a stepwise manner. Kaplan-Meier analysis was used to 
demonstrate the differences in survival probabilities, with the log-rank test used to calculate the P values. The annual rate 
of decline in eGFR (delta eGFR) was calculated using all available eGFRs between the study baseline and endpoints by 
linear regression analysis. Only patients with three or more eGFRs and at least 1 year of follow-up data were included in 
the delta eGFR analysis. All statistical analyses were performed using IBM SPSS Version 26, registered with the 
University of Manchester.

Ethical considerations
The SKS received ethical approval for all of the observational studies conducted in relation to its database, with 
individual patient consent. The research ethics number is 15/NW/0818.

RESULTS
Baseline characteristics
A total of 3230 patients with complete datasets were included in this analysis. The median age of the cohort was 65 years 
with a predominance of the male sex (60%) and those of white ethnicity (96%). At baseline, the majority of study 
participants (66%) had an eGFR between 15 and 45 mL/min/1.73 m2. As baseline eGFR declined, the median systolic BP 
of the cohort was noted to have increased, and a higher proportion of those with lower eGFR also had a history of 
hypertension, diabetes, and cardiovascular events (P < 0.001). Biochemical variables showed decreases in haemoglobin 
and calcium levels and increases in phosphate levels in correspondence to worsening eGFR (P < 0.001) (Table 1).

Distribution of antihypertensive agent prescription practices based on eGFR and primary kidney disease aetiology
Amongst patient groups with a lower eGFR, there were greater proportions that were receiving three or more antihyper-
tensive agents (53% of eGFR ≤ 15 mL/min/1.73 m2 vs 26% of eGFR ≥ 60 mL/min/1.73 m2, P < 0.001). The most prescribed 
antihypertensive agents were RAS blockers (61%), followed by diuretics (47%), dihydropyridine calcium channel blockers 
(CCB) (39%), and beta blockers (34%). Alpha-blockers were also a popularly prescribed antihypertensive and prescribed 
more frequently in lower eGFR ranges. The proportion of patients receiving RAS blockers decreased with a lower eGFR, 
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Table 1 Demographic information and baseline characteristics of the cohort based on estimated glomerular filtration rate categories

Demographic 
variables

eGFR ≥ 60, n = 
2181

eGFR 45-59, n 
= 4911

eGFR 30-45, n 
= 9621

eGFR 15-29, n 
= 11741

eGFR < 15, n = 
3851

Total, n = 
32301 P value1

Age, yr 53 (44-63) 62 (50-70) 68 (56-75) 70 (60-78) 71 (60-78) 67 (56-76) < 0.001

Sex, male 126 (57.8) 308 (62.7) 573 (59.6) 691 (58.9) 251 (65.2) 1949 (60.3) 0.143

Ethnicity, white 198 (90.8) 467 (95.1) 924 (99.6) 1127 (96.0) 375 (97.4) 3091 (95.7) 0.003

BMI, kg/m2 28.3 (24.6-33.2) 28.2 (25.0-32.4) 28.0 (25.0-32.4) 28.0 (25.0-32.6) 27.4 (24.0-33.0) 28.0 (24.7-32.6) 0.490

Systolic BP, mmHg 132 (120-148) 135 (122-150) 139 (125-153) 140 (126-155) 143 (130-160) 139 (125-154) < 0.001

Diastolic BP, mmHg 76 (70-82) 76 (68-82) 75 (67-81) 72 (65-80) 75 (66-82) 75 (66-81) 0.001

Smoking history 124 (56.9) 300 (61.1) 630 (65.5) 781 (65.5) 255 (66.2) 2090 (64.7) 0.027

Alcohol history 121 (55.5) 252 (51.3) 465 (48.3) 504 (42.9) 149 (38.7) 1491 (46.2) < 0.001

Hypertension 166 (76.1) 414 (84.3) 862 (89.6) 1091 (92.9) 362 (94.0) 2895 (89.6) < 0.001

Diabetes mellitus 37 (17.0) 109 (22.2) 291 (30.2) 456 (38.8) 148 (38.4) 1041 (32.2) < 0.001

IHD 21 (9.6) 75 (15.3) 221 (23.0) 275 (23.4) 75 (19.5) 667 (20.7) < 0.001

MI 14 (6.4) 61 (12.4) 149 (15.5) 199 (17.0) 59 (15.3) 482 (14.9) 0.001

CCF 18 (8.3) 52 (10.6) 169 (17.6) 233 (19.8) 84 (21.8) 556 (17.2) < 0.001

CVA 8 (3.7) 25 (5.1) 75 (7.8) 100 (8.5) 41 (10.6) 249 (7.7) 0.004

PVD 19 (8.7) 47 (9.6) 122 (12.7) 169 (14.4) 58 (15.1) 415 (12.8) 0.016

COPD 32 (14.7) 74 (15.1) 179 (18.6) 219 (18.7) 64 (16.6) 568 (17.6) 0.260

CLD 8 (3.7) 19 (3.9) 30 (3.1) 33 (2.8) 9 (2.3) 99 (3.1) 0.683

Malignancy 19 (8.7) 39 (7.9) 109 (11.3) 136 (11.6) 50 (13.0) 353 (10.9) 0.094

Laboratory variables

Haemoglobin, g/L 134 (121-145) 131 (120-141) 126 (115-137) 120 (110-130) 113 (104-122) 123 (112-135) < 0.001

Albumin, g/L 44 (41-46) 43 (41-45) 43 (40-45) 42 (40-44) 42 (39-44) 43 (40-45) < 0.001

Corrected calcium, 
mmol/L

2.32 (2.22-2.40) 2.33 (2.24-2.41) 2.31 (2.23-2.39) 2.30 (2.20-2.39) 2.28 (2.17-2.37) 2.31 (2.22-2.39) < 0.001

Phosphate, mmol/L 1.05 (0.91-1.10) 1.03 (0.91-1.16) 1.07 (0.95-1.21) 1.16 (1.02-1.31) 1.39 (1.21-1.59) 1.12 (0.98-1.29) < 0.001

ALP, U/L 71 (57-85) 76 (59-97) 82 (66-102) 86 (69-112) 89 (69-111) 83 (66-105) < 0.001

uACR, mg/g2 15.9 (8.3-57.2) 21.0 (10.6-60.5) 24.0 (11.7 -77.0) 43.0 (16.4-132.7) 106.5 (44.4-232.6) 32.7 (13.4-111.1) < 0.001

1Continuous variables are expressed with the median value (interquartile range). The P values were calculated by the Kruskal Wallis H test. Categorical 
variables are expressed as numbers (percentage). The P values were calculated by the χ2 test.
2Missing urine albumin-creatinine ratio values for 391 patients.
ALP: Alkaline phosphatase; BMI: Body mass index; BP: Blood pressure; CCF: Congestive cardiac failure; CLD: Chronic liver disease; COPD: Chronic 
obstructive pulmonary disease; CVA: Cerebrovascular accidents; eGFR: Estimated glomerular filtration rate expressed as mL/min/1.73 m2; IHD: Ischemic 
heart disease; MI: Myocardial infarction; PVD: Peripheral vascular disease; uACR: Urine albumin-creatinine ratio.

whereas the proportion on diuretics, dihydropyridine CCBs, and beta blockers increased (P < 0.001) (Table 2).
Furthermore, the distribution of antihypertensive agent prescriptions for patients across the spectrum of primary 

kidney disease aetiologies illustrated that RAS blockers were the predominant agents for most diagnoses, followed by 
diuretics and dihydropyridine CCBs (Table 3).

Distribution of antihypertensive agent prescription practices based on uACR and cardiovascular comorbidity
A greater proportion of patients were receiving three or more antihypertensive agents with each higher uACR category 
(category A1: 40% vs category A2: 43% vs category A3: 62%, P < 0.001). There was a trend of increased numbers of 
individuals prescribed ACEI or ARB (Table 4).

When comparing between patients with and without a history of congestive cardiac failure (CCF), diuretics (68% vs 
43%, P < 0.001), potassium-sparing diuretics (spironolactone or eplerenone) (10% vs 2%, P < 0.001), and beta blockers 
(45% vs 32%, P < 0.001) were prescribed more frequently amongst those diagnosed with CCF. Similar prescription 
patterns were noted for any other form of cardiovascular disease. Interestingly, there were no significant differences in 
the pattern of prescription of RAS blockers alone, based on cardiovascular disease status (Table 5).
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Table 2 Number of patients prescribed each antihypertensive class at baseline, organized by estimated glomerular filtration rate 
categories at baseline

Antihypertensive class eGFR > 60, n = 
2181

eGFR 45-59, n = 
4911

eGFR 30-45, n = 
9621

eGFR 15-29, n = 
11741

eGFR < 15, n = 
3851

Total, n = 
32301

P 
value1

None 54 (24.8) 73 (14.9) 97 (10.1) 78 (6.6) 26 (6.8) 328 (10.2) < 0.001

Three or more agents 57 (26.1) 158 (32.2) 397 (41.3) 565 (48.1) 206 (53.5) 1383 (42.8) < 0.001

Diuretic (thiazide and loop) 58 (26.6) 172 (35.0) 441 (45.8) 641 (54.6) 213 (55.3) 1525 (47.2) < 0.001

CCB (dihydropyridine) 58 (26.6) 149 (30.3) 364 (37.8) 480 (40.9) 205 (53.2) 1256 (38.9) < 0.001

CCB (non- 
dihydropyridine)

6 (2.8) 11 (2.2) 44 (4.6) 50 (4.3) 23 (6.0) 134 (4.1) 0.055

Beta-blocker 51 (23.4) 133 (27.1) 324 (33.7) 443 (37.7) 156 (40.5) 1107 (34.3) < 0.001

Alpha-blocker 28 (12.8) 72 (14.7) 186 (19.3) 335 (28.5) 158 (41.0) 779 (24.1) < 0.001

Central agents 9 (4.1) 15 (3.1) 34 (3.5) 59 (5.0) 33 (8.6) 150 (4.6) 0.001

Vasodilators 2 (0.9) 2 (0.4) 6 (0.6) 13 (1.1) 7 (1.8) 30 (0.9) 0.189

RAS blocker 126 (57.8) 316 (64.4) 616 (64.0) 733 (62.4) 192 (50.0) 1983 (61.4) < 0.001

Dual RAS blockers 22 (10.1) 34 (7.0) 50 (5.2) 67 (5.7) 14 (31.6) 187 (5.8) 0.014

Spironolactone/eplerenone 7 (3.2) 17 (3.5) 36 (3.7) 44 (3.7) 8 (2.1) 112 (3.5) 0.599

1Absolute number for frequencies (percentage). The P values were calculated by the χ2 test.
CCB: Calcium channel blocker; eGFR: estimated glomerular filtration rate expressed as mL/min/1.73 m2; RAS: Renin angiotensin system.

Table 3 Number of patients prescribed each antihypertensive class at baseline, organised by primary aetiology of chronic kidney 
disease at baseline

Primary aetiology of 
CKD

Three or 
more1

RAS 
blocker1

Diure-
tic1

Beta 
blocker1

Alpha 
blocker1

CCB (dihydro-
pyridine)1

CCB (non-dihydro-
pyridine)1

Central 
agents1

Diabetes, n = 636 386 (61) 463 (73) 416 (65) 239 (38) 220 (35) 281 (44) 32 (5) 53 (8)

Hypertension, n = 471 246 (52) 294 (62) 245 (52) 210 (45) 154 (33) 222 (47) 33 (7) 21 (5)

Renovascular disease, n = 
256

163 (64) 142 (56) 178 (70) 121 (47) 92 (36) 122 (48) 20 (8) 27 (11)

Pyelonephritis, n = 200 40 (20) 102 (51) 54 (27) 50 (25) 23 (12) 61 (31) 4 (2) 3 (2)

ADPKD, n = 197 66 (34) 149 (76) 69 (35) 55 (28) 40 (20) 78 (40) 2 (1) 6 (3)

Tubulointerstitial nephritis, 
n = 116

9 (8) 40 (35) 18 (16) 27 (23) 8 (7) 35 (30) 3 (3) 2 (20)

Glomerulonephritis, n = 375 171 (46) 305 (81) 174 (46) 95 (25) 73 (20) 147 (39) 9 (2) 21 (6)

Vasculitis, n = 118 31 (26) 61 (52) 34 (29) 35 (30) 19 (16) 40 (34) 2 (2) 1 (1)

Haematological disease, n = 
31

8 (26) 14 (45) 9 (29) 8 (26) 4 (13) 7 (23) 0 1 (3)

Other/unknown aetiology, 
n = 830

263 (32) 413 (50) 328 (40) 267 (32) 146 (18) 263 (32) 29 (4) 15 (2)

1Absolute number for frequencies (percentages).
ADPKD: Autosomal dominant polycystic kidney disease; CCB: Calcium channel blocker; CKD: Chronic kidney disease; RAS: Renin angiotensin system.

There were no significant differences in antihypertensive prescription patterns over the 12-mo and 24-mo follow-up 
period (Tables 6 and 7). Overall, there were more patients achieving BP < 140/90 mmHg at 12 mo (52% vs 48%, P = 0.008) 
and at 24 mo (51.7% vs 48%, P = 0.015) compared to baseline. However, when only patients on three or more agents over 
the 24-mo follow-up period were considered, there were no statistically significant results as to whether more patients 
achieved BP < 140/90 mmHg (Tables 8 and 9).
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Table 4 Number of patients prescribed with each antihypertensive class at baseline, organized by urine albumin-creatinine ratio 
categories at baseline

Antihypertensive class uACR < 30, n = 13551,2 uACR 30-300, n = 12361,2 uACR > 300, n = 2481,2 Total, n = 28391,3 P value1

None 148 (10.9) 112 (9.1) 12 (4.8) 272 (9.6) < 0.001

Three or more agents 547 (40.4) 530 (42.9) 155 (62.5) 1232 (43.4) < 0.001

Diuretic (thiazide and loop) 656 (48.4) 542 (43.9) 148 (59.7) 1346 (47.4) < 0.001

CCB (dihydropyridine) 477 (35.2) 516 (41.7) 122 (49.2) 1115 (39.3) < 0.001

CCB (non- dihydropyridine) 61 (4.5) 54 (4.4) 11 (4.4) 126 (4.4) 0.987

Beta-blocker 458 (33.8) 418 (33.8) 93 (37.5) 969 (34.1) 0.504

Alpha blocker 265 (19.6) 335 (27.1) 87 (35.1) 687 (24.2) < 0.001

Central agent 45 (3.3) 69 (5.6) 23 (9.3) 137 (4.8) < 0.001

Vasodilator 11 (0.8) 16 (1.3) 1 (0.4) 28 (1.0) 0.288

RAS blocker 840 (62.0) 753 (61.0) 174 (70.2) 1767 (62.2) 0.023

Dual RAS blockers 49 (3.6) 80 (6.5) 41 (16.5) 170 (6.0) < 0.001

Spironolactone/eplerenone 52 (3.8) 29 (2.3) 11 (4.4) 92 (3.2) 0.054

1Absolute number for frequencies (percentages). The P values were calculated by the χ2 test.
2uACR in mg/mg = -0.171 + 0.780  urine protein-creatinine ratio in mg/mg.
3Total was 2839 rather than 3230 as in previous tables as some patients were missing uACR data.
CCB: Calcium channel blocker; RAS: Renin angiotensin system; uACR: Urine albumin-creatinine ratio in mg/g.

Table 5 Number of patients prescribed with each antihypertensive class at baseline, organized by categories according to the 
prevalence of congestive cardiac failure and other cardiovascular events at baseline

Antihypertensive class CCF, n = 5561 No CCF, n = 26741 P value1 CVE, n = 18291 No CVE, n = 14011 P value1

None 22 (4.0) 306 (11.4) < 0.001 72 (5.1) 256 (14.0) < 0.001

Diuretic (thiazide and loop) 381 (68.4) 1144 (42.8) < 0.001 818 (58.4) 707 (38.7) < 0.001

CCB (dihydropyridine) 192 (34.5) 1064 (39.8) 0.021 561 (40.0) 695 (38.0) 0.238

CCB (non-dihydropyridine) 32 (5.8) 102 (3.8) 0.037 92 (6.6) 42 (2.3) < 0.001

Beta blocker 248 (44.6) 859 (32.1) < 0.001 621 (44.3) 486 (26.6) < 0.001

Alpha blocker 140 (25.2) 639 (23.9) 0.520 385 (27.5) 394 (21.7) < 0.001

Central agent 29 (5.2) 121 (4.5) 0.481 73 (5.2) 77 (4.2) 0.180

Vasodilator 4 (0.7) 26 (1.0) 0.572 17 (1.2) 13 (0.7) 0.140

RAS blocker 360 (64.7) 1623 (60.7) 0.074 839 (42.3) 1144 (57.7) 0.124

Dual RAS blockers 24 (4.3) 163 (6.1) 0.102 70 (37.4) 117 (62.6) 0.091

Spironolactone/eplerenone 56 (10.1) 56 (2.1) < 0.001 80 (5.7) 32 (1.7) < 0.001

1Absolute number for frequencies (percentages). The P values were calculated by the χ2 test.
CCB: Calcium channel blocker; CCF: Congestive cardiac failure; CVE: Cardiovascular events; RAS: Renin angiotensin system.

Associations between antihypertensive prescription patterns and clinical outcomes
In Cox regression models, the prescription of three or more antihypertensive agents was strongly associated with all-
cause mortality (multivariate model 3: hazard ratio: 1.14; 95% confidence interval: 1.03-1.26, P = 0.008) (Table 10). A 
similar association was observed when the outcome considered was progression to ESKD (multivariate model 3: hazard 
ratio: 1.47; 95% confidence interval: 1.25-1.72, P < 0.001) (Table 11).

Kaplan-Meier analysis illustrated significant differences in survival outcomes (all-cause mortality and RRT-free 
survival) between patients receiving three or more compared to those with less than three antihypertensive agents 
prescribed (log-rank, P < 0.001) (Figures 1 and 2). Being on RAS blockers was associated with a higher survival (log-rank, 
P < 0.001) but demonstrated no differences in terms of reaching ESKD and requiring RRT (log-rank, P = 0.113) (Figures 3 
and 4).
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Table 6 Number of patients prescribed with each antihypertensive class at baseline and at the 12-mo follow-up

Antihypertensive class Baseline, n = 22561 12-mo follow-up, n = 22561 P value1

Diuretic (thiazide and loop) 1131 (50.1) 1107 (49.1) 0.475

CCB (dihydropyridine) 905 (40.1) 930 (41.2) 0.449

CCB (non- dihydropyridine) 102 (4.5) 90 (4.0) 0.376

Beta blocker 783 (34.7) 767 (34.0) 0.616

Alpha blocker 544 (24.1) 558 (24.7) 0.628

Central agent 111 (4.9) 117 (5.2) 0.683

Vasodilator 19 (0.8) 15 (0.7) 0.491

RAS blocker 1416 (62.8) 1383 (61.3) 0.311

Dual RAS blockers 145 (6.4) 163 (7.2) 0.288

Spironolactone/eplerenone 84 (3.7) 73 (3.2) 0.372

1Absolute number for frequencies (percentages). The P values were calculated by the χ2 test.
CCB: Calcium channel blocker, RAS: Renin angiotensin system.

Table 7 Number of patients prescribed with each antihypertensive class at baseline and the 12-mo and 24-mo follow-ups

Antihypertensive class Baseline, n = 17081 12-mo follow-up, n = 17081 24-mo follow-up, n = 17081 P value1

Diuretic (thiazide and loop) 895 (52.4) 874 (51.2) 839 (49.1) 0.153

CCB (dihydropyridine) 696 (40.7) 710 (41.6) 646 (37.8) 0.063

CCB (non- dihydropyridine) 83 (4.9) 74 (4.3) 75 (4.4) 0.719

Beta blocker 588 (34.4) 581 (34.0) 560 (32.8) 0.573

Alpha blocker 421 (24.6) 433 (25.4) 394 (23.1) 0.281

Central agent 81 (4.7) 90 (5.3) 66 (5.0) 0.779

Vasodilator 18 (1.1) 14 (0.8) 18 (1.1) 0.724

RAS blocker 1076 (63.0) 1077 (63.1) 1056 (61.8) 0.417

Dual RAS blockers 99 (5.8) 127 (7.4) 122 (7.1) 0.127

Spironolactone/eplerenone 58 (3.4) 49 (2.9) 43 (2.5) 0.309

1Absolute number for frequencies (percentages). The P values were calculated by the χ2 test.
CCB: Calcium channel blocker, RAS: Renin angiotensin system.

Table 8 Patient proportion achieving blood pressure < 140/90 mmHg at the 12-mo and 24-mo follow-ups in comparison to baseline

Time Total number of patients Number of patients with BP < 140/90 mmHg1 P value1

Baseline 3230 1549 (48.0) -

12-mo follow-up 2096 1083 (52.0) 0.008

24-mo follow-up 1541 797 (51.7) 0.015

1Absolute number for frequency (percentage). The P values were calculated by the χ2 test.
BP: Blood pressure.

Linear regression analysis concluded that the annual rate of decline in eGFR was significantly higher in patients 
receiving three or more antihypertensive agents (-1.79 vs -1.07 mL/min/1.73 m2/year, P < 0.001) compared to those 
receiving less (Table 12).
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Table 9 Patient proportion achieving blood pressure < 140/90 mmHg at the 12-mo and 24-mo follow-ups in comparison to baseline 
(patients on three or more antihypertensive agents)

Total number of patients on three or more 
agents

Number of patients with BP < 140/90 
mmHg1 P value1

Baseline 1383 629 (45.5) -

12-mo follow-up 961 473 (49.2) 0.074

24-mo follow-up 724 359 (49.6) 0.072

1Absolute number for frequency (percentage). The P values were calculated by the χ2 test.
BP: Blood pressure.

Table 10 Cox regression analysis demonstrating associations between the prescription of three or more antihypertensive agents with 
all-cause mortality

Analysis HR (95%CI)1 P value1

Univariate model 1.55 (1.41-1.69) < 0.001

Multivariate model 12 1.33 (1.21-1.45) < 0.001

Multivariate model 23 1.23 (1.12-1.35) < 0.001

Multivariate model 34 1.15 (1.04-1.27) 0.006

1Absolute number for hazard ratio alongside corresponding 95% confidence interval and P value.
2Multivariate model 1: adjusted for age, sex, ethnicity, smoking status, and alcohol intake.
3Multivariate model 2: adjusted for all covariates of model 1 plus diabetes, any cardiovascular disease (ischemic heart disease or myocardial infarction or 
congestive cardiac failure or cerebrovascular accident or peripheral vascular disease), and blood pressure control < 140/90 mmHg.
4Multivariate model 3: adjusted for all covariates of model 2 plus estimated glomerular filtration rate and urine albumin-creatinine ratio.
HR: Hazard ratio; 95%CI: 95% confidence interval.

Table 11 Cox regression analysis demonstrated associations between the prescription of three or more antihypertensive agents with 
progression to end stage kidney disease

Analysis HR (95%CI)1 P value1

Univariate model 1.60 (1.39-1.84) < 0.001

Multivariate model 12 1.81 (1.56-2.10) < 0.001

Multivariate model 23 1.55 (1.37-1.76) < 0.001

Multivariate model 34 1.31 (1.14-1.50) < 0.001

1Absolute number for hazard ratio alongside corresponding 95% confidence interval and P value.
2Multivariate model 1: adjusted for age, sex, ethnicity, smoking status, and alcohol intake.
3Multivariate model 2: adjusted for all covariates of model 1 plus diabetes, any cardiovascular disease (ischemic heart disease or myocardial infarction or 
congestive cardiac failure or cerebrovascular accident or peripheral vascular disease), and blood pressure control < 140/90 mmHg.
4Multivariate model 3: adjusted for all covariates of model 2 plus estimated glomerular filtration rate and urine albumin-creatinine ratio.
HR: Hazard ratio; 95%CI: 95% confidence interval

DISCUSSION
In this study, we evaluated antihypertensive prescription patterns in patients from the SKS-CKD database, corresponding 
this to baseline eGFR, uACR, primary kidney disease aetiology and the presence of cardiovascular morbidities, and 
monitored prescription patterns over a 24-mo follow-up period. The number of antihypertensive agents prescribed for 
each patient was correlated with clinical outcomes, namely all-cause mortality and progression to ESKD.

Across the SKS-CKD cohort at baseline, RAS blockers were the most commonly prescribed agents for management of 
hypertension, followed by diuretics, dihydropyridine CCBs, and beta blockers. RAS blocker prescriptions decreased in 
patients with CKD stage 5 at baseline, whereas diuretics, dihydropyridine CCBs, and beta blockers were prescribed more 
frequently for patients with lower eGFR. Surprisingly, although it has not been widely advocated for use as an antihyper-
tensive in current guidelines, alpha blockers were amongst the more commonly prescribed antihypertensive agents 
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Table 12 Rate of decline in estimated glomerular filtration rate in patients with three or more antihypertensive agents vs less than three 
antihypertensive agents prescribed

eGFR Three or more agents prescribed1 Less than three agents prescribed1 P value1

2Delta eGFR, mL/min/1.73 m2/yr -1.79 (-4.25 to -0.07) -1.07 (-3.10 to 0.72) < 0.001

1Expressed as a median (interquartile range). The P value was calculated by the Mann-Whitney U test.
2Delta estimated glomerular filtration rate analysis included 3068 patients with estimated glomerular filtration rate data available as defined.
eGFR: Estimated glomerular filtration rate.

Figure 1 Kaplan-Meier analysis demonstrated associations between the prescription of three or more antihypertensive agents and all-
cause mortality (log-rank, P < 0.001).

Figure 2 Kaplan-Meier analysis demonstrated associations between the prescription of three or more antihypertensive agents and renal 
replacement therapy free survival (log-rank, P < 0.001). RRT: Renal replacement therapy.
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Figure 3 Kaplan-Meier analysis demonstrated associations between being prescribed renin angiotensin system blocker at baseline and 
all-cause mortality (log-rank, P < 0.001). RAS: Renin angiotensin system.

Figure 4 Kaplan-Meier analysis demonstrated associations between being prescribed renin angiotensin system blocker at baseline and 
renal replacement therapy free survival (log-rank, P = 0.136). RAS: Renin angiotensin system.

amongst patients in SKS-CKD, especially for those in the lower eGFR ranges. A major adverse effect of alpha blockers is 
orthostatic hypotension in patients with kidney function impairment[20-22]. The purposes of prescribing alpha blockers 
may not be solely for lowering of BP, as a substantial proportion of patients with benign prostatic hyperplasia are 
routinely initiated on them to relieve symptoms and improve urinary flow[23].

RAS blockers, diuretics, and dihydropyridine CCBs were prescribed with increasing frequency in patients with a 
greater degree of uACR. Ultimately, with an increase in the uACR category, a greater proportion of patients were 
prescribed more antihypertensive agents. RAS blockers remain the primary antihypertensive agents prescribed for 
patients with all forms of primary kidney disease. For CKD patients with CCF, the prescriptions of diuretics, beta 
blockers, and potassium sparing diuretics (spironolactone and eplerenone) were significantly higher compared to those 
without. This pattern was similar when comparing antihypertensive prescribing patterns between CKD patients with pre-
existing cardiovascular events and those without.

Our analysis demonstrated that antihypertensive prescribing patterns at 12 mo and 24 mo had only minimally changed 
compared to baseline, but this was most likely because most patients had been enrolled in the renal service well before 
entry into the SKS. When determining associations between the number of antihypertensive agents prescribed and 
clinical outcomes, patients receiving a higher number of antihypertensive agents had worsened outcomes, namely 
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increased all-cause mortality and reaching ESKD. Such associations remained following adjustment of baseline 
demographic factors (i.e. age, sex, ethnicity, smoking status, and alcohol intake), plus diabetes, cardiovascular 
comorbidities, baseline eGFR, and uACR.

Consensus recommendation to commence ACEI or angiotensin receptor ARB as a first-line antihypertensive treatment 
option for CKD patients, particularly for those with proteinuria and/or reduced eGFR defined by eGFR < 60 mL/min/
1.73 m2 has been reached across the major international societies in cardiology and nephrology such as the American 
College of Cardiology, the American Heart Association, and KDIGO[8,24]. The updated 2021 KDIGO clinical practice 
guideline for BP management in CKD continues to advocate this approach in patients with hypertension and CKD, with 
or without diabetes, and not receiving dialysis[24]. Where an adult patient has a transplanted kidney, commencing an 
ARB or dihydropyridine CCB has been recommended[24]. In the United Kingdom, the National Institute of Health and 
Care Excellence (NICE) guideline defines BP targets (clinic measured) for patients with CKD according to the patient’s 
uACR[25]. Adult CKD patients are divided into 2 groups: those with a uACR < 70 mg/mmol (618.8 mg/g); and those 
with a uACR > 70 mg/mmol (618.8 mg/g). In patients with a uACR < 70 mg/mmol (618.8 mg/g), the BP target is below 
140/90 mmHg, whereas in patients with a uACR > 70 mg/mmol (618.8 mg/g), the BP target is below 130/80 mmHg.

An ACEI or ARB is first-line treatment for hypertension in CKD patients with uACR > 30mg/mmol (265.2 mg/g). A 
thiazide diuretic or CCB is to be used as second-line medications. While both dihydropyridine CCB and non-
dihydropyridine CCB have been shown to have similar effects in terms of BP control, non-dihydropyridine CCBs such as 
verapamil and diltiazem have been shown to reduce proteinuria to a greater extent. However, prescribing non-
dihydropyridine CCBs over dihydropyridine CCBs would generally appear to be less popular in actual clinical practice, 
mainly due to concerns of increased risk of cardiac adverse effects such as bradycardia that could be potentially life-
threatening in severe cases[26]. A potassium sparing agent such as spironolactone can also be added, but due to the 
increased risk of hyperkalaemia, this is recommended only if there is persistent poor BP control following the addition of 
a thiazide diuretic. Whilst these are the main antihypertensive options as per NICE guidelines, other antihypertensive 
classes exist, such as alpha blockers, direct renin inhibitors, vasodilators, and centrally acting antihypertensive agents. 
These medications are not currently recommended under the NICE and other international guidelines for various 
reasons, such as the presence of adverse effects as well as the lack of evidence that they offer a strong clinical benefit for 
CKD patients with hypertension.

A number of studies have been conducted reviewing antihypertensive prescribing patterns in patients with CKD. 
Amongst the more recent studies that have followed the introduction of updated hypertension guidelines, a study 
conducted by Magvanjav et al[12] utilized electronic health record data from 5658 CKD patients with hypertension to 
examine their antihypertensive drug prescribing patterns, BP control, and risk factors for resistant hypertension. As 
found in our study and in observational data stated from recent hypertension guidelines, Magvanjav et al[12] noted that 
64% of patients were prescribed an ACEI or ARB. They also concluded that BP was better controlled in patients who were 
prescribed a combination of medications that included a diuretic and beta blocker. Another study by Alencar de Pinho et 
al[13] compared antihypertensive prescribing patterns in CKD patients internationally and similarly found that ACEI or 
ARB was the most commonly prescribed antihypertensive class. However, the investigators noted significant variations 
in antihypertensive medication prescribing practices globally for all antihypertensive agents across different stages of 
CKD. Taking ACEI or ARB for example, Alencar de Pinho et al[13] observed that the prevalence of an ACEI or ARB 
prescription varied between 54% and 91% across different countries. This emphasizes that significant variations remain 
regarding clinicians’ approaches to antihypertensive treatment prescription for their CKD patients within the real-world 
setting, whether they follow a guideline-recommended algorithm or basing their approach from personal clinical 
experiences and preferences.

Indeed there are numerous patient-specific and clinical challenges when treating hypertension in CKD, of which 
clinician variation in antihypertensive prescription practices is only one issue. This conundrum may be explained by the 
variability in national and international guideline recommendations at present. Areas where a global consensus has not 
been reached are the BP thresholds that determine when treatment initiation is indicated, for instance. There also remains 
no unified agreement on the BP targets to be achieved amongst CKD patients. More importantly, there is continuous 
debate and discussion on how best to optimize antihypertensive therapy for BP control and cardiorenal protection. These 
are avenues of research where further work is required.

There is now an increased indication for adding sodium glucose cotransport (SGLT2) inhibitors to the current portfolio 
of recommended medications for hypertension management in CKD, given their emergence as a therapeutic option for 
cardiorenal protection in people with and without diabetes[27]. Large, randomized, placebo-controlled trials have 
pointed to the potential of SGLT2 inhibitors as having positive effects on BP control in both office and out-of-office 
contexts. The SACRA, EMPA-REG BP, and CREDENCE trials were amongst the clinical trials that have made these 
conclusions[28-30]. The post hoc analysis of the CREDENCE trial demonstrated the BP-lowering effect of canagliflozin for 
patients with resistant hypertension, which is novel and encouraging[29]. Additional studies are needed to validate the 
role of SGLT2 inhibitors in optimizing BP control and reducing adverse cardiovascular outcomes amongst patients living 
with CKD and hypertension, particularly those with resistant hypertension.

Despite the main strength of our study being inclusion of an ethnically and socioeconomically diverse CKD patient 
group, as well as being conducted over a 20-year period, there are limitations to acknowledge. One limitation was an 
inability to clearly correlate details relating to the indication(s) for antihypertensive medication prescription and any 
adjustments during the follow-up period due to multiple clinicians being involved in a patient’s management. 
Furthermore, it is unclear if diuretics were prescribed as an antihypertensive agent within this context, or intended for 
other clinical purposes (e.g., for peripheral oedema). Understanding the indications for prescription of particular 
antihypertensive medication(s) would have been useful in determining the true patterns of antihypertensive prescribing 
practices in this study. Also, as our centre does not complete urinary antihypertensive screens routinely, there is always 
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the confounding impact of drug non-compliance amongst patients receiving three or more antihypertensive agents. This 
contributes to poor BP control and its associated morbidity and mortality outcomes. Finally, there was incomplete data on 
determining the rate of decline in eGFR when comparing between CKD patients with three or more antihypertensive 
agents vs less than three antihypertensive agents prescribed due to delta eGFR data being unavailable for 162 patients (5% 
of entire cohort).

CONCLUSION
In summary, RAS blockers were found to be the most commonly prescribed antihypertensive agents, followed by 
diuretics and CCBs, which are recommended as second-line antihypertensive treatment options. Diuretics, beta blockers, 
and mineralocorticoid antagonists were found to be more commonly prescribed in CKD patients with cardiovascular 
comorbidities. Whilst our study results aligned with that of expectations from the current NICE guideline algorithm, 
further work determining optimal strategies in approaching antihypertensive prescription for CKD patients at both an 
individual and policy level is needed to reduce the variations currently observed in clinical practice. The opportunity to 
introduce newer and potentially more cost-effective therapies in the form of SGLT2 inhibitors for hypertension 
management in CKD is attractive and could be revolutionary in addressing these challenges, and continued research in 
this area is anticipated.

ARTICLE HIGHLIGHTS
Research background
Hypertension is a major contributor towards the progression of chronic kidney disease (CKD) and a leading consequence 
of CKD. Despite standard guidelines, clinician practices on managing hypertension in CKD patients remain variable.

Research motivation
It is important to explore the factors relating to CKD patients that influences a clinician’s decision to use specific 
antihypertensive agents with the aim to better standardize current antihypertensive prescription practices.

Research objectives
To investigate hypertension management practices in CKD patients within a real-world setting.

Research methods
We retrospectively analysed patients recruited into the Salford Kidney Study database. Data including patient 
demographic information, comorbidities, and a detailed antihypertensive medication history were reviewed. Prescription 
patterns of antihypertensive agents were explored based on estimated glomerular filtration rate expressed as mL/min/
1.73 m2, urine albumin-creatinine ratio, primary kidney disease aetiology, and cardiovascular disease. The association 
between being prescribed three or more antihypertensive agents and clinical outcomes (i.e. all-cause mortality and 
reaching end stage kidney disease) was also studied.

Research results
A total of 3230 non-dialysis dependent CKD patients with data collected between October 2002 and December 2019 were 
included. The most frequently prescribed antihypertensive agents were renin angiotensin system blockers (61%), 
followed by diuretics (47%), dihydropyridine calcium channel blockers (39%), and beta blockers (34%). A greater 
proportion of patients were taking three or more antihypertensive agents with advancing CKD stages (53% of CKD stage 
5 patients vs 26% of CKD stage 2 patients) and as the urine albumin-creatinine ratio increased (category A3: 62% vs 
category A1: 40%, P < 0.001). The prescription of three or more antihypertensive agents was associated with all-cause 
mortality, independent of blood pressure control (hazard ratio: 1.15; 95% confidence interval: 1.04-1.27, P = 0.006).

Research conclusions
Renin angiotensin system blockers were found to be the most prescribed antihypertensive agents, followed by diuretics 
and calcium channel blockers. Outcomes were poorer in CKD patients with poor blood pressure control despite being on 
multiple antihypertensive agents.

Research perspectives
Our study results aligned with expectations from the current National Institute of Health and Care Excellence guideline 
algorithm; further work determining optimal strategies in approaching antihypertensive prescriptions for CKD patients 
at both an individual and policy level is needed to reduce the variations currently observed in clinical practice.
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Abstract
BACKGROUND 
Gliflozins or Sodium glucose cotransporter 2 inhibitors (SGLT2i) are relatively 
novel antidiabetic medications that have recently been shown to represent 
favorable effects on patients’ cardiorenal outcomes. However, there is shortage of 
data on potential disparities in this therapeutic effect across different patient 
subpopulations.

AIM 
To investigate differential effects of SGLT2i on the cardiorenal outcomes of heart 
failure patients across left ventricular ejection fraction (LVEF) levels.

METHODS 
Literature was searched systematically for the large randomized double-blind 
controlled trials with long enough follow up periods reporting cardiovascular and 
renal outcomes in their patients regarding heart failure status and LVEF levels. 
Data were then meta-analyzed after stratification of the pooled data across the 
LVEF strata and New York Heart Associations (NYHA) classifications for heart 
failure using Stata software version 17.0.

RESULTS 
The literature search returned 13 Large clinical trials and 13 post hoc analysis 
reports. Meta-analysis of the effects of gliflozins on the primary composite 
outcome showed no significant difference in efficacy across the heart failure 
subtypes, but higher efficacy were detected in patient groups at lower NYHA 
classifications (I2 = 46%, P = 0.02). Meta-analyses across the LVEF stratums 
revealed that a baseline LVEF lower than 30% was associated with enhanced 
improvement in the primary composite outcome compared to patients with 
higher LVEF levels at the borderline statistical significance (HR: 0.70, 95%CI: 0.60 
to 0.79 vs 0.81, 95%CI: 0.75 to 0.87; respectively, P = 0.06). Composite renal 
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outcome was improved significantly higher in patients with no heart failure than in heart failure patients with 
preserved ejection fraction (HFpEF) (HR: 0.60, 95%CI: 0.49 to 0.72 vs 0.94, 95%CI: 0.74 to 1.13; P = 0.04). Acute renal 
injury occurred significantly less frequently in heart failure patients with reduced ejection fraction who received 
gliflozins than in HFpEF (HR: 0.67, 95%CI: 51 to 0.82 vs 0.94, 95%CI: 0.82 to 1.06; P = 0.01). Volume depletion was 
consistently increased in response to SGLT2i in all the subgroups.

CONCLUSION 
Heart failure patients with lower LVEF and lower NYHA sub-classifications were found to be generally more likely 
to benefit from therapy with gliflozins. Further research are required to identify patient subgroups representing the 
highest benefits or adverse events in response to SGLT2i.

Key Words: Sodium glucose cotransporter 2 inhibitors; Cardiovascular; Renal outcome; efficacy; Heart failure with preserved 
ejection fraction; Heart failure with reduced ejection fraction

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Compared to placebo, treatment with Sodium glucose cotransporter 2 inhibitors improve cardiorenal outcomes in a 
broad range of disorders with significant heterogeneity in the subgroup of patients who are likely to benefit most from the 
treatment across their heart failure subtypes, New York Heart Associations classifications and ejection fraction levels. There 
are also adverse events associated with these drugs that deserve further research.

Citation: Taheri S. Heterogeneity in cardiorenal protection by Sodium glucose cotransporter 2 inhibitors in heart failure across the 
ejection fraction strata: Systematic review and meta-analysis. World J Nephrol 2023; 12(5): 182-200
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INTRODUCTION
Anti-hyperglycemic medications have been shown to improve cardiovascular outcomes and renal health in a range of 
disorders; yet in specific patient subpopulations there is a possibility that their side effects outweigh the protection they 
offer. For the same reason, large and expensive clinical trials have been conducted to investigate their impact on health 
entities, and protective roles have been reported for a number of these drugs that went beyond their antihyperglycemic 
effects[1,2].

Gliflozins or Sodium glucose cotransporter 2 inhibitors (SGLT2i) are relatively novel antidiabetic medications that 
lower blood levels of glucose through increasing its urinary excretion and therefore they also induce weight loss[1]. 
Recently a number of large clinical trials have shown significant cardiorenal protection by these drugs in a spectrum of 
diseases including patients with type 2 diabetes mellitus (T2DM), heart failure and chronic kidney diseases. However, the 
patient populations were inconsistent in these trials in several aspects, and there is a need for further research regarding 
the potential factors that might contribute in this effect. In fact, a number of systematic reviews have already been 
published covering a broad spectrum of cardiac, renal and metabolic factors, including meta-analyses showing significant 
improvements in the composite outcomes of cardiovascular death or hospitalizations in heart failure patients with either 
preserved (HFpEF) or reduced ejection fraction (HFrEF)[3-6]. The purpose of this systematic review and meta-analysis is 
to examine potential effects of SGLT2i therapy on the composite or specific cardiac or renal outcomes in heart failure 
patients across baseline left ventricular ejection fraction (LVEF) levels.

MATERIALS AND METHODS
Search strategy and selection criteria
Supplementary Figure 1 summarizes the search strategy of the current systematic review. The Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses checklist was followed in this study (Supplementary Figure 2). A systematic 
search of the literature was performed using Cochrane Library, Reference Citation Analysis, nejm.org, and EuropePMC 
search engines to April 15, 2023. Pubmed/MEDLINE could not be reached due to internet filtering. Further search of the 
literature was performed using Google Scholar to find the post hoc analyses and substudies from the included large 
randomized controlled trials, regarding the subjects of interest for this systematic review (Figure 1).

In order to minimize potential publication biases, the inclusion criteria assigned eligibility only to the reports of 
double-blind and placebo-controlled trials if they were large (defined as at least 1000 subjects in the SLGT2i arm and at 
least half as many patients in the placebo arm) with long enough follow up time (at least 6 mo), assessing SGLT2i, and 
reported any of the efficacy or safety outcomes of interest in this review, as specified. Finally 27 studies (13 trials and 14 

https://www.wjgnet.com/2220-6124/full/v12/i5/182.htm
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Figure 1 PRISMA flow diagram.

post hoc analyses) were found and reviewed[7-33].

Outcomes of interest
The evaluated outcomes in this systematic review and meta-analysis included the primary composite outcome as defined 
by each study and irrespective of the disparities between them, cardiovascular death, the composite outcome of 
cardiovascular death or hospitalization (or an urgent visit) for heart failure, composite renal outcome (serious renal 
events defined by different studies and irrespective of potential differences between trials) and death from any cause.

Specific renal outcomes: As mentioned above, the composite renal outcomes were inconsistently defined by different 
studies and included a heterogeneous combinations of the following indicators: Doubling of serum creatinine measures, 
substantial decrease in estimated glomerular filtration rate (i.e. ≥ 40% decrease; falling below 60 to less than 15 mL/min/
1.73 m2 in different studies), end-stage kidney disease; renal replacement therapy initiation (i.e. dialysis or renal 
transplantation), and renal death. Wherever there were reports from more than one combination of renal outcomes, the 
one with the larger spectrum was used as the composite renal outcome for inclusion into the meta-analysis. Other renal 
outcomes that were evaluated in this study included renal disease progression/worsening renal function, acute kidney 
injury/acute renal failure, volume depletion, and diabetic ketoacidosis.

Stratifications across LVEF stratums
Heart failure subtypes: Data for primary outcomes of interests were extracted and meta-analysis were conducted across 
specific stratification strategies. The patients’ heart failure status and the type of heart failure (i.e. HFpEF), HFrEF and 
mid-range/mildly-reduced ejection fraction (HFmrEF) were also extracted. The definition of HFpEF has varied across 
different trials, with HFpEF defined as EF > 40% in the EMPEROR-Preserved[16] and DELIVER[18], and as EF ≥ 50% in 
the SCORED[13], CANVAS[12], EMPA-REG OUTCOME[21], and SOLOIST-WHF[17] trials. Likewise, HFrEF was 
inconsistently defined as EF < 40% in the SCORED[13] and SOLOIST-WHF[17], as ≤ 40% in the EMPEROR-Reduced[15] 
and DAPA-HF[14], as EF < 45% in DECLARE-TIMI 58[33], as EF ≤ 45% in the VERTIS-CV[24], and as EF < 50% in the 
CANVAS[22] and EMPA-REG OUTCOME[21] trials. Heart failure with mildly reduced (mid-range) EF was consistently 
defined as EF between 40%-49%. Only in Supplementary Figure 3, LVEF rates between 35% and 55% were also 
considered HFmrEF. Finally, heart failure not-otherwise-specified (nos) as patients diagnosed with heart failure (presence 
of signs and symptoms of HF, elevated levels of natriuretic peptides in the plasma and evidence of structural heart 
disease - left ventricular hypertrophy or left atrial remodeling - or the presence of diastolic dysfunction) with no further 
stratifications. Patients who had baseline LVEF ranged within the definitions but without the documented diagnosis of 
heart failure were excluded from the respective subgroups.

LVEF stratums: Meta-analyses of the outcomes were repeated after stratification of the LVEF rates by LVEF stratums (i.e. 
documented heart failure patients with LVEF measures above or below the cutoff values of 30%, 40%, 45%, 50%, and 

https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
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60%). However, since the outcome analyses across all the predefined LVEF cutoff points were not exactly performed by 
all the reviewed studies, an alternative approach was employed wherever there were reports that fell in ranges totally 
within the study subgroups defined across the cutoff points of this study; e.g. in meta-analysis of outcomes across LVEF 
of 40%, if a trial had only provided data of LVEF over 50% or below 30%, the data were included as LVEF over 40% or ≤ 
40%, respectively (since LVEF values ≥ 50% falls totally within the range of > 40% and LVEF < 30% falls fully within the 
range of ≤ 40%). But data of patients with LVEF < 50% was not included into meta-analysis of patients with LVEF < 40%, 
since it doesn’t totally fall within the specified range. Moreover, if data was available for two LVEF ranges for any 
particular study, both falling within the meta-analysis ranges, the one that was closest to the cutoff and therefore 
encompassed the largest possible patient population was chosen for inclusion (e.g. if LVEF > 45% and > 50% were 
available for a trial, in meta-analysis of outcomes across LVEF 40%, data of LVEF > 45% was included in the reports of 
LVEF > 40%).

Statistical analysis
Hazard ratio (HR) and 95% confidence interval (CI) were pooled using a random-effects DerSimonian and Laird model. 
Inverse of the variance was used to assign weights to each study. Heterogeneity among studies was assessed using the 
Higgins I2 value. Meta-regression analysis was conducted using mixed-effects modelling to evaluate factors potentially 
explaining any observed heterogeneity for the study outcomes (i.e. composite study outcome, cardiovascular death and/
or heart failure hospitalizations and composite or specific renal outcomes). Meta-regression models using demographic or 
disease-specific baseline data (i.e. age, gender, ethnicity, glycated hemoglobin, past medical history, etc.) inputs were not 
possible due the lack of the baseline data discriminately reported across the study groups (i.e. heart failure subtypes, 
LVEF cutoff levels and NYHA). The only factor that could be included into meta-regression without controversy was the 
type of gliflozins employed. Some other factors were also used for this purpose (including mean study follow-up time, 
T2DM and chronic kidney disease (CKD) as inclusion criterions to the study) which might sound controversial since the 
follow up times could be inconsistent in patient subgroups, as were T2DM and CKD status in studies not having them as 
inclusion criterions. Even though, no observed heterogeneity in any of the meta-analyses could be explained by the 
gliflozin type, with no significant effect returned by meta-regression analysis. The same observation was made for meta-
regression analysis of the more controversial factors mentioned above.

No special dosage preferences were made for trials in which more than one SGLT2i dosage had been sought and the 
pooled effects were used for analyses wherever applicable and otherwise, data from the higher SGLT2i dosage was 
considered. Subgroup analysis was conducted to assess for variability of therapeutic effects across the LVEF stratums, 
heart failure subtypes and NYHA subclass populations. Study quality was assessed using version 2 of the Cochrane risk-
of-bias tool. 2-tailed P values with statistical significance specified at 0.05 were used in all analyses. Stata version 17 (Stata 
Corp.) and Microsoft Excel 2013 (Microsoft Corp.) were used for analyses.

RESULTS
The literature search returned 13 large clinical trials evaluating impact of SGLT2i on the outcome of patients[7-19], and 
their characteristics are summarized in Table 1. Fourteen more studies reporting post hoc analysis of the reviewed trials 
were also found and reviewed[20-33]. Five trials were on heart failure patients, in seven trials only diabetic patients 
included and four trials were conducted specifically on patients with chronic kidney diseases. Patients’ data and outcome 
reports were extracted regarding their heart failure status and included in the meta-analyses.

Meta-analyses across heart failure subtypes
Meta-analysis of the effects of gliflozins on the primary composite outcomes (cardiorenal events as defined by each study) 
showed that compared to placebo, SGLT2i significantly decreased the event rates (HR: 0.78, 95%CI: 0.73 to 0.83, I2 = 
53.7%), with no significant difference in efficacy across the heart failure status or subtypes (P = 0.49, Figure 2A). Likewise, 
when cardiovascular death and/or urgent visits/hospitalization for heart failure was used as the outcome, gliflozins 
were superior to placebo with no heterogeneity between the subgroups (HR: 0.76, 95%CI: 0.72 to 0.79, P = 0.68, I2 = 0%, 
Figure 2B). Compared to placebo, SGLT2i therapy was again found to be significantly associated with lower 
cardiovascular death (HR: 0.84, 95%CI: 0.78 to 0.90, I2 = 19.9%) and all-cause mortality (HR: 0.86, 95%CI: 0.81 to 0.91, I2 = 
32.1%), with no significant difference between the subgroups [P = 0.98 (Supplementary Figure 3) and P = 0.21 (Figure 3), 
respectively]. However, a trend toward higher effectiveness was observed for patients with HFrEF vs HFpEF; though it 
failed to reach the statistical significance just at the borderline level; P = 0.07 (Supplementary Figure 4).

Although no significant difference was detected in efficacy measures between the heart failure subtypes in any of the 
above-mentioned meta-analyses, interestingly SGLT2i seem to offer significant benefits in survival outcome (i.e. 
cardiovascular death or all-cause mortality) only to HFrEF or (to a lesser degree) HFmrEF patients, and the respective 
outcome effects did not reach significance level for HFpEF (HR: 0.89, 95%CI: 0.75 to 1.02; HR: 0.96, 95%CI: 0.88 to 1.05; 
respectively, Supplementary Figure 3 and Figure 3).

Meta-analyses of the primary composite outcomes across NYHA classes revealed significant improvement in the 
outcome rates [HR: 0.74(0.67-0.82)], although as is illustrated in Figure 4, this favorable effect was not consistent across all 
the NYHA subclasses and those at lower classes significantly better responded to SGLT2i (I2 = 46%, P = 0.02; Figure 4).

https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
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Figure 2 Meta-analysis of primary composite outcome. A: Gliflozins’ effect on the primary composite outcome across heart failure subtypes; B: Gliflozins’ 
effect on the composite outcome of ‘cardiovascular deaths or hospitalizations due to heart failure or urgent visits’ across heart failure subtypes. HF: Heart failure; 
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HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart failure with reduced ejection fraction; nos: Not otherwise specified; N/A: Not available. aper 1000 
person-years; bper 100 person-years.

Figure 3 Meta-analysis of the effects of Sodium glucose cotransporter 2 inhibitors on the all-cause mortality across the heart failure sub-
types. HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart failure with reduced ejection fraction; nos: Not otherwise specified. aper 
1000 person-years.

Meta-analysis across LVEF stratums
Meta-analyses were repeated across the LVEF stratums, irrespective of the authors’ definitions of the heart failure 
subtypes. The primary composite outcomes across all the LVEF cutoff levels showed significant efficacy for gliflozins 
compared to placebo, with no significant difference between the subgroups. Notably, patients with a baseline LVEF of 
30% or less represented enhanced improvement in the primary composite outcome compared to patients with LVEF over 
30%, but at the borderline statistical significance (HR: 0.70, 95%CI: 0.60 to 0.79 vs 0.81, 95%CI: 0.75 to 0.87; respectively, P 
= 0.06; Supplementary Figure 4).

https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
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Figure 4 Meta-analysis of the effects of Sodium glucose cotransporter 2 inhibitors on the primary composite outcome of heart failure 
patients across different New York Heart Associations classifications. aper 1000 person-years.

Similar to the results of primary outcome analyses, meta-analysis of the composite outcome of ‘cardiovascular death or 
hospitalizations (or urgent visits) due to heart failure’ exhibited significant improvement in response to treatment with 
SGLT2i at all the LVEF levels though again, compared to patients with LVEF above 30%, the subgroup of patients with 
the baseline LVEF of 30% or less showed a stronger response to gliflozins at borderline significance (HR: 0.69, 95%CI: 0.61 
to 0.76 vs 0.78, 95%CI: 0.71 to 0.85; P = 0.07). Further analyzes at higher cutoff values showed no significant difference for 
the respective outcome (P > 0.4 for all; Figure 5). All-cause mortality also showed significant benefit across LVEF stratums 
with the relatively best effect size in patients with LVEF ≤ 40% (versus LVEF > 40%) but no statistical significance was 
reached; Figure 6.

Renal outcome meta-analyses across heart failure subtypes
Composite renal events: Composite renal events was an unspecific terminology that comprised a diverse spectrum of 
unfavorable renal events (described in methods) As could be perceived from Figure 6A, SGLT2i significantly improved 
composite renal events as compared to the placebo-treated group (HR: 0.69, 95%CI: 0.59 to 0.79), but significant difference 
across the meta-analysis patient groups was observed with HFpEF and no-heart failure patients representing the lowest 
and the highest response rates, respectively (HR: 0.94, 95%CI: 0.74 to 1.13 and 0.60, 95%CI: 0.49 to 0.72, respectively); P = 
0.04, Figure 7.

Acute kidney injury (or acute renal failure) was also shown to occure significantly less frequently in patients receiving 
SGLT2i compared to placebo (HR: 0.83, 95%CI: 0.75 to 0.92; Figure 7B); however this effect was not consistent across the 
heart failure groups and HFrEF and HFpEF patients respectively represented the highest and the lowest response rates 
with significant difference between, after excluding other subgroups from the meta-analysis (HR: 0.67, 95%CI: 51 to 0.82 
vs 0.94, 95%CI: 0.82 to 1.06; P = 0.01, Supplementary Figure 5).

Renal disease progression or worsening renal function: Gliflozins significantly reduced renal disease progression in the 
meta-analysis (HR: 0.63, 95%CI: 0.55 to 0.71). But unlike the composite renal event, no significant difference was found 
regarding the heart failure status or across subtypes (P = 0.52; Supplementary Figure 6).

https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
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Figure 5 Meta-analysis of Sodium glucose cotransporter 2 inhibitors’ effect on ‘cardiovascular death or heart failure hospitalizations or 
urgent visits’ across the patients’ baseline left ventricular ejection fraction strata. A: Left ventricular ejection fraction (LVEF) < 30% vs ≥ 30%; B: 
LVEF < 40% vs ≥ 40%; C: LVEF < 45% vs LVEF ≥ 45%; D: LVEF < 50% vs LVEF ≥ 50%; E: LVEF < 60% vs LVEF ≥ 60%. aper 1000 person-years; bper 100 person-
years; canalysis based on the “history of previous LVEF < 40%” reported by DELIVER trial; LVEF: Left ventricular ejection fraction; N/A: Not available.

Volume depletion: As is evident from Supplementary Figure 7, SGLT2i therapy was associated with significantly higher 
rates of volume depletion in the pooled data meta-analysis with no significant difference across the study subgroups (HR: 
1.14, 95%CI: 1.02 to 1.26; P = 0.33).

Diabetic ketoacidosis: As is summarized in Supplementary Table 1, diabetic ketoacidosis was a rare observation in both 
the SGLT2i and placebo groups, and therefore meta-analyses were not possible. The distribution of the outcomes between 
the two groups reveals no heterogeneity.

DISCUSSION
In this meta-analysis of 13 large clinical trials, data of 45918 patients were screened and significant but inequivalent 
protective effects for SGLT2i were found across the patients’ LVEF strata, regarding a spectrum of cardiovascular and 
renal outcomes. Compared to HFpEF patients, HFrEF exhibited more dramatic response to gliflozins in a good number of 
the predefined outcomes. This finding is in contrast to a previous study in which authors found equivalent efficacy in 
heart failure patients across a full spectrum of LVEF[30]. One reason for this disparity could be related to the number of 
studies and patients entered into the analysis, with the current study encompassing substantially larger population 
(including data from the mentioned study). As well, in the current study the analyses were performed across different 
cutoff points compared to the analyses across the spectrum of LVEF, which leaves only a limited number of subjects for 
each subgroup. Moreover the spectrum of specific outcomes investigated in the current study was relatively broader.

Previous review articles have explored several predicting factors on response to SGLT2i. In a comprehensive review, 
Baigent et al[20] analyzed the impact of diabetes mellitus on the cardiorenal protective effects of SGLT2i treatment and 
found no disparity regarding diabetes status. In another review study, Zelniker et al[2] reported that the cardiovascular 
benefits of gliflozins in diabetic population seem to be largely confined to patients with established atherosclerotic 
cardiovascular disease. Bhatia et al[34] provided evidence for SGLT2i protective effects in a broader range of cardiac, 
renal and metabolic derangements, and in another very recent post hoc analysis from DELIVER trial, Peikert et al[35] 
reported substantial improvements in a large range of symptoms, functionality indices, and quality of life in HFmrEF/
HFpEF patients in response to SGLT2i. The current systematic review provides further data on the variability of response 

https://f6publishing.blob.core.windows.net/9a1e0b48-51ea-4e7e-92d8-50da357014bf/WJN-12-182-supplementary-material.pdf
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Figure 6 Meta-analysis of gliflozins’ effect on the all-cause mortality across left ventricular ejection fraction strata (versus placebo). A: Left 
ventricular ejection fraction (LVEF) ≤ 30% vs > 30%; B: LVEF ≤ 40% vs > 40%; C: LVEF ≤ 45% vs LVEF > 45%; D: LVEF ≤ 50% vs LVEF > 50%; E: LVEF ≤ 60% vs 
LVEF > 60%. bper 100 person-years. LVEF: Left ventricular ejection fraction; N/A: Not available.

to gliflozins in heart failure patients regarding their LVEF levels and NYHA classifications, which could have significant 
clinical implications for the practitioners.

It is noteworthy that all the clinical trials reviewed in this study have compared the outcome of patients receiving 
gliflozins vs placebo. Although this verifies favorable effects for the drug, it doesn’t provide robust evidence that this 
protective effect outweighs the advantages that are expectable from conventional medications prescribed in this patients; 
therefore it is still an open question as to whether or not gliflozins’ protection outweighs the conventional medications or 
is there some sort of synergistic relationship between them. But this was out of the scope of the current systematic review, 
and future studies are required to issue this questions.

Cardiac outcomes: Gliflozins significantly improved the primary composite outcome of cardiovascular death and hospit-
alizations in patients with or without heart failure and across all the subgroups. However this effect seemed to be skewed 
in favor of HFrEF compared to HFpEF (the number of patients needed to be treated to save one additional patient from 
the primary composite outcome in the HFpEF was twice as large as the HFrEF in CANVAS/CANVAS-R trial[22] and 2.9 
times for EMPEROR-Reduced vs either EMPEROR-Preserved or DELIVER[16,18]; this result was not reproduced in 
EMPA-REG OUTCOME trial[21]). Reanalyses of the patients’ composite outcomes as described above (i.e. cardiovascular 
death or associated hospitalizations) were based on arbitrary definitions of heart failure subgroups by LVEF levels, 
inconsistently made by the authors in the different trials; therefore in order to have more precise conclusions, definitive 
cutoff points across LVEF were set and sought for the evaluation of the outcome, and it has been revealed that for a 
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Figure 7 Meta-analysis of the Sodium glucose cotransporter 2 inhibitors’ effect on different renal outcome indices across heart failure 
subtypes. A: Composite renaloutcome; B: Acute kidney injury. HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart failure with 
reduced ejection fraction; nos: Not otherwise specified.
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Table 1 Summary of the reviewed trials

Ref. 
Ref-
post-
hoc

Trial Year Follow 
(yr) N Participants

Diabetes 
proportion 
%

Heart 
failure 
proportion 
(%)

SGLT2i Primary outcome

[7] 21 EMPA-REG 
OUTCOME

2015 3.1 7020 T2DM with 
established CVD; 
eGFR ≥ 30 
mL/min/1.73 m2

7020 (100) 706 (10) Empagliflozin CV death+non-fatal 
MI+non-fatal stroke

[8] 22 CANVAS/CANVAS-
R

2017 2.4 10142 T2DM with CVD or 
multiple RFs for 
CVD;  eGFR ≥ 30 
mL/min/1.73 m2

10142 (100) 1461 (14) Canagliflozin CV death+non-fatal 
MI+non-fatal stroke

[9] 23 DECLARE–TIMI58 2019 4.2 17160 T2DM with CVD or 
multiple RFs for 
CVD

17160 (100) 1724 (10) Dapagliflozin CV 
death+MI+ischemic 
stroke

[10] 24 VERTIS-CV 2020 3.5 8246 T2DM with 
established CVD; 
eGFR ≥ 30 
mL/min/1.73 m2

8246 (100) 1958 (24) Ertugliflozin CV death+non-fatal 
MI+non-fatal stroke

[11] 25 CREDENCE 2019 2.6 4401 T2DM with 
CVD+albuminuria 
(uACR 300–5000); 
eGFR 30–90 
mL/min/1.73 m2

4401 (100) 652 (15) Canagliflozin ESKD, doubling of 
serum 
creatinine/death 
from renal/CV cause

[12] 26, 27 DAPA-CKD 2020 2.4 4304 CVD + albuminuria 
+/- T2DM (eGFR 25-
75 mL/min/1.73 m2

) 

2906 (68) 468 (11) Dapagliflozin ESKD, sustained ≥ 
50% eGFR decline, 
death from renal or 
CV cause

[13] - SCORED 2020 1.3 10584 T2DM with CVD & 
RFs for CVD; (GFR) 
of 30 to 60 
mL/min/1.73 m2

10 584 (100) 3283 (31) Sotagliflozin CV death and hospit-
alizations and urgent 
visits for HF

[14] 28, 29 DAPA-HF 2019 1.5 4744 HF (EF ≤ 40% & 
NYHA class II–IV) 
+/- T2DM; eGFR ≥ 
30 mL/min/1.73 m2

2139 (45) 4744 (100) Dapagliflozin Worsening HF and 
CV death

[15] 31 EMPEROR-Reduced 2020 1.3 3730 HF (EF ≤ 40% & 
NYHA class II–IV) 
+/- T2DM

1856 (50) 3730 (100) Empagliflozin Composite of HF 
hospitalization and 
CV death

[16] EMPEROR-Preserved 2021 26.2 
months

5988 HF (EF > 40% & 
NYHA class II–IV) 
+/- T2DM; eGFR ≥ 
20 mL/min/1.73 m2

2938 (49) 5988 (100) Empagliflozin Composite of 
cardiovascular death 
or hospitalization for 
HF

[17] 32 SOLOIST-WHF 2020 0.75 1222 T2DM & recent 
hospitalization for 
HF; eGFR ≥ 30 
mL/min/1.73 m2

1222 (100) 1222 (100) Sotagliflozin CV death and hospit-
alizations and urgent 
visits for HF

[18] 30 DELIVER 2022 2.3 6263 HF (EF > 40% & 
NYHA class II–IV) 
+/- T2DM

3150 (50) 6263 (100) Dapagliflozin Hospitalization for 
HF or an urgent visit 
for HF or CV death

[19] EMPA-KIDNEY 2023 2.0 6609 CKD [eGFR > 20 & < 
45 OR 45 < eGFR < 
90 mL/min/1.73 m2 
& (proteinuria)]

3040 (46) 658 (10) Empagliflozin eGFR to < 10 OR 
decrease in eGFR of ≥ 
40% OR renal death

CKD: Chronic kidney disease; CV: Cardiovascular; CVD: Cardiovascular disease; EF: Ejection fraction; eGFR: Esetimated glomerular filtration rate; HF: 
Heart failure; MI: myocardial infarction; NYHA: New York Hear Associations classification of heart failure; RF: Risk factor; T2DM: Type 2 diabetes 
mellitus; SGLT2i: Sodium glucose cotransporter 2 inhibitors; NYHA: New York Heart Associations.
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number of major outcomes, the benefit from SGLT2i therapy reaches significant difference in favor of the patients with 
lower LVEF, at the cutoff point of 30% (Supplementary Figure 4 and Figure 5). Interestingly, repeating the meta-analysis 
across NYHA classifications showed significantly enhanced therapeutic effects for patients at lower vs higher NYHA 
subclasses. These findings broaden our understanding on the subgroups of the heart failure patients who are likely to 
benefit most from the SGLT2i.

Death outcomes: Meta-analysis of the impact of SGLT2i on cardiovascular death and all-cause mortality also exhibited 
benefit with relative but none-significant difference between the subgroups (Figures 3 and 6 and Supplementary 
Figure 3). No significant survival benefit was detected for patients with HFpEF or in meta-analysis of data from patients 
with LVEF over 40%. For patients with HFmrEF, gliflozins failed to improve all-cause mortality but improved 
cardiovascular death just at the borderline significance (Figure 3 and Supplementary Figure 3). This findings rule out 
SGLT2i as a life-saving medication for HFpEF, and adds it to the list of drugs that have failed to extend life in these 
tough-to-treat patient population.

Renal specific outcom: Renal outcomes are of special interest in patients with either heart failure or diabetes mellitus and 
a main focus of attention in most of the reviewed trials. Although previous systematic reviews have shown the benefits of 
SGLT2i on renal events[20], potential variability in the magnitude of this protection across LVEF rates could have clinical 
implcations. Interestingly, results of the meta-analysis of composite renal outcomes were consistent with the respective 
analyses on the cardiovascular outcomes, with the HFrEF patients responding relatively but not significantly better to the 
treatment than HFpEF, though with an unexpected finding of detecting the most pronounced renal protective effects in 
patients without heart failure (Figure 7A). This offers that gliflozins’ renoprotective effects are unlikely to be associated 
with their heart failure modifying effects and deserves further investigations.

In the meta-analyses of more specific renal outcomes, acute kidney injury was reduced by 32% in patients with HFrEF 
compared to only 6% in HFpEF, a difference that was statistically significant (Figure 7B). On the other hand, not every 
specific renal outcome benefited by SGLT2i, and volume depletion had been shown to be significantly exacerbated by 
14% compared to patients receiving placebo. This finding warns of the possible risks to patients receiving gliflozins and 
emphasisthe need for close monitoring of patients for signs of volume depletion.

Limitations and strengths: There are strengths and limitations associated with this study that warrants further 
discussion. Different patient populations (exclusive inclusion of patients with diabetes mellitus, chronic kidney disease or 
heart failure, or variations in the proportions of these patients in different studies), large variations in the follow up times, 
and inconsistencies in the outcome definitions and reports between the reviewed trials are a number of limitations that 
could undermine the findings of this study. The principle strength of the current systematic review is providing a 
stratified outcome analysis across the LVEF stratums of patients with heart failure, and introducing the patient subgroups 
that are most or least likely to benefit from treatment with gliflozins. Identifying the patient populations that don’t benefit 
the treatment gives a message to the scientific community that further research and developments are needed.

CONCLUSION
In conclusion, compared to placebo, SGLT2i have shown significant therapeutic effects in patients with or without heart 
failure regarding cardiovascular and renal outcomes. These effects are generally more pronounced in HFrEF patients at 
the lowest LVEF levels compared to HFpEF, with no survival advantage for the latter group. Patients with lower NYHA 
classifications were also found to respond more vigorously to the study drugs. Further well-designed studies are needed 
to determine other potential factors with significant roles in response to gliflozins.

ARTICLE HIGHLIGHTS
Research background
Gliflozins have been shown effective to improve outcomes in patients with heart failure.

Research motivation
Finding the indications for the prescription of gliflozins would help to concentrate research on subgroups that need 
further research and novel therapeutic approach.

Research objectives
To find the subpopulations of heart failure patients that benefit most from Sodium glucose cotransporter 2 (SGLT2) 
inhibitors based on their left ventricular ejection fraction levels.

Research methods
A systematic review and meta-analysis of data of patients receiving gliflozin thepay in large and robust randomized 
double-blind placebo trials was conducted. Meta-analyses were conducted after stratification of the patients based on 
their left ventricular ejection fraction (LVEF) levels.
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Research results
Gliflozins were generally superior to placebo in improving composite outcome of patients with heart failure across LVEF 
levels. This therapeutic effects were more pronounced in patients with reduced LVEF and low New York Heart Associ-
ations classes. No survival benefit was detected for patients with preserved ejection fraction disease.

Research conclusions
Gliflozins are effective in improving the outcome in patients with heart failure.

Research perspectives
Further research would be needed to examine the magnitude of gliflozins' efficacy as well as its cost-effectiveness 
compared to the other therapeutic options in this patient population.
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