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Review Article 

Therapeutic Drug Monitoring (TDM): A Necessity in Critical Care and 

Transplant Settings 
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ABSTRACT  

Therapeutic drug monitoring (TDM) personalizes dosage by quantifying plasma concentrations to enhance treatment effectiveness 

and reduce toxicity. In critically sick patients and transplant recipients, pathophysiological alterations, restricted therapeutic indices, 

and organ support measures frequently result in unexpected pharmacokinetics (PK). This study emphasizes TDM's significance in 

critical care and transplantation, concentrating on antimicrobials such as vancomycin, β-lactams, antifungals, and 

immunosuppressants like tacrolimus, cyclosporine, and mycophenolic acid, substantiated by PubMed-cited literature. 

Key words: TDM, critical illness, transplantation, vancomycin, β-lactams, antifungals, immunosuppressants 

herapeutic drug monitoring (TDM) is the practice of 

adjusting a patient's medication dosage to maintain 

drug concentrations within a specified therapeutic 

range in the bloodstream [1]. TDM employs a comprehensive 

analysis of pharmaceutics, pharmacokinetics, and 

pharmacodynamics to assess the safety and efficacy of a 

medication across many clinical contexts.  

For therapeutic drug monitoring (TDM) to be effective, the 

concentration of a medication must be assessed in several 

physiological fluids. A depiction of these concentrations in 

relation to significant clinical considerations is provided [2].  

In the last ten years, the theory, practice, and clinical 

relevance of therapeutic drug monitoring (TDM) have 

significantly evolved due to the advent of widely accessible 

and technically proficient modelling, simulation, and dosing 

software tools [3].  

Consequently, TDM, once a peripheral area of clinical 

chemistry, has evolved into a multidisciplinary domain of 

clinical medicine, enabling laboratory and pharmacometrics 

experts to provide extremely pertinent clinical information to 

support pharmacotherapy management. The emerging field is 

termed “model-informed precision dosing” and is poised to 

revolutionize medicine through enhancements in performance 

and usefulness facilitated by machine learning and artificial 

intelligence technologies. The ultimate objective of the 

revolution in model-informed precision dosage is to establish 

individualized, patient-centric therapies [4].  
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TDM-guided therapy is particularly beneficial for 

individuals exhibiting significant susceptibility and unique 

pharmacokinetic characteristics regarding the supplied 

medicines. Examples encompass cancer patients, seriously ill 

individuals, organ transplant recipients, and people who have 

undergone significant surgical procedures. Moreover, specific 

groups, like children and those with obesity, should be 

regarded as subjects for specialized dosage procedures. 

Individuals that possess abnormal biological characteristics, 

such as pharmacogenomic mutations or liver diseases, need 

personalized therapy strategies [5].  

Critical illness alters absorption, distribution, metabolism, 

and excretion of drugs, making fixed dosing strategies 

inadequate [6]. Post-transplant, maintaining 

immunosuppressant levels is crucial to prevent rejection while 

avoiding toxicity. TDM enables dose individualization based 

on plasma concentrations, integrating PK/pharmacodynamic 

(PD) principles to optimize therapy [7].  

Consequently, in both critical care and transplant 

medicine, the clinical significance of therapeutic drug 

monitoring (TDM) is highlighted by the administration of 

medications with a narrow therapeutic index, including 

aminoglycosides, vancomycin, tacrolimus, and cyclosporine 

[8]. Insufficient exposure in these patients may lead to 

therapeutic failure, the development of antimicrobial 

resistance, and graft rejection, while concentrations exceeding 

the sub-therapeutic threshold are linked to severe toxicities, 

including nephrotoxicity, hepatotoxicity, and neurotoxicity, 
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culminating in end-stage organ failure [9].  

The significant inter- and intra-patient pharmacokinetic 

heterogeneity in these groups is affected by variables 

including organ failure, sepsis, polypharmacy, drug-drug and 

drug-disease interactions, and genetic variants that influence 

drug metabolism. As a result, personalized concentration-

guided treatment is becoming acknowledged as a fundamental 

aspect of precision medicine in many contexts [10].  

By sustaining medication concentrations within specified 

therapeutic ranges, therapeutic drug monitoring (TDM) boosts 

clinical efficacy, mitigates adverse drug reactions, shortens 

hospital stays, and improves overall cost-effectiveness [11]. 

Therefore, incorporating TDM into standard clinical practice 

is essential for enhancing patient outcomes in critically sick 

and transplant groups.  

I. TDM in Critical Care 

In the intensive care unit (ICU), where patients frequently 

undergo significant physiological alterations, therapeutic drug 

monitoring (TDM) plays a crucial role in directing 

pharmacotherapy. Critical illness is linked to hemodynamic 

instability, hypoalbuminemia, disrupted fluid balance, 

increased renal clearance, and organ failure, all of which 

affect pharmacokinetics (PK) and pharmacodynamics (PD) 

[12]. These alterations render traditional dosage techniques 

insufficient, necessitating individualized dosing informed by 

therapeutic drug monitoring as a crucial element of critical 

care treatment. 

The ICU population is particularly susceptible owing to 

the severity of illnesses, the frequent administration of life-

sustaining treatments, and the prevalence of polypharmacy 

[13]. Extracorporeal techniques, including continuous renal 

replacement therapy (CRRT) and extracorporeal membrane 

oxygenation (ECMO), significantly modify medication 

distribution and clearance, resulting in sub-therapeutic 

exposure or drug toxicity when traditional dosing protocols 

are utilized [14].  

TDM facilitates precise dosage by guaranteeing goal 

attainment, particularly for medications with narrow 

therapeutic indices or those necessitating specific 

pharmacokinetic/pharmacodynamic thresholds for 

effectiveness [15]. This is especially pertinent for 

antimicrobials, since under-dosing can lead to therapeutic 

failure and antimicrobial resistance, whilst overdoing 

heightens toxicity concerns [16].  

a. Antimicrobial TDM 

β-lactams are the most extensively researched antimicrobials 

in critical care environments.  These time-dependent 

medicines exhibit significant interpatient variability in 

critically sick patients; therapeutic drug monitoring (TDM) 

paired with longer or continuous infusions has demonstrated 

enhancement in pharmacokinetic/pharmacodynamic (PK/PD) 

goal achievement and perhaps improved clinical outcomes 

[17]. Similarly, vancomycin, aminoglycosides, and colistin 

necessitate vigilant monitoring owing to their limited 

therapeutic ranges and possible nephrotoxicity [18]. 

Antifungals like voriconazole and posaconazole benefit from 

therapeutic drug monitoring due to their variable 

bioavailability and considerable inter-individual variability 

[19].  

Evidence increasingly advocates for the widespread 

application of antimicrobial therapeutic drug monitoring 

(TDM) in intensive care unit (ICU) treatment, bolstered by 

recent consensus recommendations from the European Society 

of Intensive Care Medicine (ESICM) and the European 

Society of Clinical Microbiology and Infectious Diseases 

(ESCMID), which offer practical frameworks for 

implementation [20].  

b. Non-antimicrobial applications 

In addition to managing infectious diseases, therapeutic drug 

monitoring (TDM) plays a vital role in optimizing treatment 

with anticonvulsants, immunosuppressants, and 

cardiovascular medications in intensive care unit (ICU) 

patients.  Agents like phenytoin and valproic acid demonstrate 

modified protein binding in hypo-albuminemic conditions, 

requiring the assessment of free drug concentrations to inform 

dosage [21]. Similarly, immunosuppressants like tacrolimus 

and cyclosporine necessitate monitoring to equilibrate 

rejection risk with toxicity, especially in post-transplant 

patients in the ICU.  Digoxin, a cardiac glycoside 

characterized by a narrow therapeutic index, necessitates 

meticulous monitoring in critically sick patients with variable 

renal function.  These instances demonstrate the extensive 

applicability of TDM beyond antimicrobials, underscoring its 

significance as a fundamental component of personalized 

medication in critical care [22].  

II. TDM in Transplant settings 

TDM is crucial in managing transplant patients, since it is 

vital to maintain a delicate equilibrium between sufficient 

immunosuppression and the prevention of drug-related 

toxicity.  Post-transplant patients need prolonged use of 

immunosuppressive medications, including calcineurin 

inhibitors (cyclosporine, tacrolimus), mTOR inhibitors 

(sirolimus, everolimus), mycophenolate mofetil, and 

corticosteroids [23]. Drugs such as tacrolimus and 

cyclosporine exhibit a narrow therapeutic index, considerable 

inter-individual pharmacokinetic variability, and a substantial 

risk for drug–drug and drug–food interactions.  TDM is 

essential for personalizing treatment, reducing the likelihood 

of graft rejection, and preventing side effects such as 

nephrotoxicity, neurotoxicity, and infections [24].  

The pharmacokinetics of immunosuppressants in 

transplant recipients is affected by various patient-specific and 

procedural factors, including age, weight, genetic 

polymorphisms (particularly CYP3A5 variants impacting 
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tacrolimus metabolism), organ function, concomitant 

medications, and the type of transplanted organ. Additionally, 

the post-operative phase frequently exhibits erratic absorption 

and metabolism resulting from hemodynamic instability, 

polypharmacy, and fluctuating gastrointestinal motility. Thus, 

conventional dosage protocols may not consistently forecast 

drug exposure, rendering personalized TDM-guided 

modifications crucial for best results [25].  

In clinical practice, trough concentrations (C0) are the 

predominant monitoring metric for calcineurin inhibitors and 

mTOR inhibitors in clinical practice, owing to their simplicity 

and robust connection with clinical success.  Nevertheless, 

several studies indicate that monitoring the area under the 

concentration-time curve (AUC) may offer a more precise 

assessment of drug exposure, especially for mycophenolate 

mofetil, as trough levels may not reliably forecast therapeutic 

effectiveness.  Advancements in Bayesian forecasting and 

population pharmacokinetic models have facilitated limited 

sampling tactics for more reliable AUC estimation, therefore 

alleviating patient burden and enhancing accuracy [26]. 

The application of TDM in transplantation transcends 

effectiveness and safety, incorporating long-term graft 

survival. Evidence indicates that insufficient 

immunosuppressant exposure is a primary factor in acute 

rejection, but chronic overexposure correlates with growing 

nephrotoxicity and metabolic problems. Incorporating TDM 

into standard post-transplant treatment enables doctors to 

proactively manage inter-individual variability and customize 

regimens according to patients' changing clinical conditions. 

Moreover, the integration of pharmacogenomic testing with 

therapeutic drug monitoring (TDM) presents an opportunity to 

enhance dosing regimens, advancing the concept of precision 

medicine in transplantation [27].  

Overall, TDM in the transplant context is an emerging yet 

essential instrument. Current investigations into innovative 

biomarkers, non-invasive monitoring techniques, and model-

informed precision dosage aim to improve its efficacy, 

guaranteeing that transplant recipients have the most effective 

and safest immunosuppressive protocols for sustained graft 

function. 

Table 1- List of drugs requiring TDM in critical care and Transplant settings 

Drug / Class / Context TDM Target / Metric When to Sample 
Clinical Rationale & ICU/Transplant 

Notes 
Key References 

Vancomycin 
AUC/MIC 400–600 (or trough 15–
20 mg/L) 

Trough before 4th 
dose or steady-state 

AKI risk ↑ with high troughs; AUC-based 
dosing preferred over trough-only methods 

[4], [18], [29] 

Aminoglycosides 

(Amikacin, Gentamicin) 

Peak/MIC ≥8–10; Trough <1–2 
mg/L 

Peak: 30 min post-
infusion; Trough: 
before dose 

Nephrotoxicity, ototoxicity risk; altered PK 
in sepsis, ECMO, CRRT 

[6], [30] 

β-lactams (Pip-Tazo, 

Meropenem, etc.) 
Time > MIC: 100% for critically ill 

Random / steady-

state sampling 

ARC, CRRT, ECMO → altered PK; 

continuous/prolonged infusion often needed 

[16], [17], [31–

33] 

Linezolid Trough 2–8 mg/L Pre-dose trough 
Toxicity risk if >10 mg/L; 

thrombocytopenia, lactic acidosis concerns 
[34] 

Azoles (Voriconazole, 

Posaconazole) 

Voriconazole: 2–5.5 mg/L; 
Posaconazole: >1 mg/L 

Trough after ≥5 days 
of therapy 

CYP2C19 polymorphism affects 
voriconazole levels; toxicity >5.5 mg/L 
(neurotoxicity) 

[19], [35], [36] 

Flucytosine 
Peak 30–80 µg/mL; Trough <25–
50 µg/mL 

Peak 2h post-dose; 
trough before next 
dose 

Myelotoxicity risk if >100 µg/mL; dose 
adjustment in renal failure 

[19], [37] 

Tacrolimus (Calcineurin 

inhibitor) 

Trough 5–15 ng/mL (organ/time-
specific) 

12-h trough (C0) 
Narrow TI; CYP3A5 polymorphism affects 
metabolism; toxicity: nephro/neurotoxicity, 
infections 

[22–27], [38] 

Cyclosporine 

(Calcineurin inhibitor) 

Trough 100–400 ng/mL; some 
centers use C2 sampling 

Trough (C0) or 2-h 
post-dose (C2) 

AUC-based dosing may improve outcomes; 
multiple interactions with drugs/food 

[39], [43] 

Sirolimus (mTOR 

inhibitor) 
Trough 5–15 ng/mL 24-h trough 

Long half-life; cytopenias, hyperlipidemia; 
erratic absorption post-transplant 

[40] 

Everolimus (mTOR 

inhibitor) 
Trough 3–8 ng/mL 24-h trough 

Renal-sparing protocols; post-op PK 
variability 

[41] 

Mycophenolate mofetil 

(MMF) 
AUC0–12 >30–60 mg·h/L 

Bayesian AUC or 
limited sampling 

Trough not reliable for efficacy; AUC-
based monitoring increasingly used 

[42] 

Corticosteroids No standard TDM 
Clinical + biomarker 

endpoints only 

PK variability post-op; risk of metabolic & 

infectious complications 
[7], [23–27] 

Precision Medicine & 

TDM Advances 

Bayesian modeling, 
pharmacogenomics (CYP3A5) 

Limited sampling + 
model-informed 
dosing 

Enables individualized regimens, reduced 
toxicity, improved graft survival 

[4], [10], [26–
27] 
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Challenges and Future Direction 

Notwithstanding its acknowledged advantages, therapeutic 

drug monitoring in the intensive care unit encounters several 

obstacles.  The restricted availability of tests for novel 

pharmaceuticals, inconsistencies in laboratory turnaround 

times, and the absence of standardized dosage algorithms 

impede its regular implementation. Furthermore, the 

interpretation of therapeutic drug monitoring necessitates the 

amalgamation of pharmacokinetic and pharmacodynamic 

principles with the evolving clinical situation, rather than 

dependence on fixed reference ranges.  Improvements in 

bedside tests, population pharmacokinetic modelling, and 

Bayesian dosing software are expected to increase the 

accessibility and clinical applicability of therapeutic drug 

monitoring in real time. Subsequent research must prioritize 

the validation of TDM-guided methods through extensive 

randomized controlled trials to enhance the evidence base and 

optimize dose recommendations for various ICU populations. 

CONCLUSION 

In conclusion, TDM in critical care serves as an essential 

instrument for precise dosage in patients exhibiting variable 

pharmacokinetics and a heightened risk of therapeutic failure 

or toxicity.  Its use in antimicrobials, anticonvulsants, 

immunosuppressants and cardiovascular medications 

underscores its extensive significance within the ICU domain.  

Despite ongoing logistical and interpretative obstacles, the 

incorporation of TDM into clinical workflows—bolstered by 

technology advancements and global consensus guidelines—

provides a pathway to safer, more effective, and personalized 

medication administration for critically sick patients. 

REFERENCES 

1. Kang JS, Lee MH. Overview of therapeutic drug monitoring. 
Korean J Intern Med. 2009 Mar;24(1):1-10. 

2. Karvaly GB, Vásárhelyi B. Therapeutic Drug Monitoring and 
Pharmacokinetics-Based Individualization of Drug Therapy. 
Pharmaceutics. 2024 Jun 11;16(6):792. 

3. Alffenaar JC, Heysell SK, Mpagama SG. Therapeutic Drug 
Monitoring: The Need for Practical Guidance. Clin Infect Dis. 
2019 Mar 5;68(6):1065-1066.  

4. Wicha SG, Märtson AG, Nielsen EI, Koch BCP, Friberg LE, 
Alffenaar JW, Minichmayr IK; International Society of Anti-

Infective Pharmacology (ISAP), the PK/PD study group of the 
European Society of Clinical Microbiology, Infectious 
Diseases (EPASG). From Therapeutic Drug Monitoring to 
Model-Informed Precision Dosing for Antibiotics. Clin 
Pharmacol Ther. 2021 Apr;109(4):928-941. 

5. Li X, Song Z, Yi Z, Qin J, Jiang D, Wang Z, Li H, Zhao R. 
Therapeutic drug monitoring guidelines in oncology: what do 
we know and how to move forward? Insights from a systematic 

review. Ther Adv Med Oncol. 2024 May 
27;16:17588359241250130.  

6. Morales Castro D, Dresser L, Granton J, Fan E. 
Pharmacokinetic Alterations Associated with Critical Illness. 
Clin Pharmacokinet. 2023 Feb;62(2):209-220. 

7. Wojciechowski D, Wiseman A. Long-Term 
Immunosuppression Management: Opportunities and 
Uncertainties. Clin J Am Soc Nephrol. 2021 Aug;16(8):1264-

1271. 

8. Tanaka R. Pharmacokinetic variability and significance of 
therapeutic drug monitoring for broad-spectrum antimicrobials 
in critically ill patients. J Pharm Health Care Sci. 2025 Mar 

17;11(1):21. 
9. Llor C, Bjerrum L. Antimicrobial resistance: risk associated 

with antibiotic overuse and initiatives to reduce the problem. 
Ther Adv Drug Saf. 2014 Dec;5(6):229-41. 

10. Evans WE, Johnson JA. Pharmacogenomics: the inherited basis 
for interindividual differences in drug response. Annu Rev 
Genomics Hum Genet. 2001;2:9-39.  

11. Gross AS. Best practice in therapeutic drug monitoring. Br J 

Clin Pharmacol. 1998 Aug;46(2):95-9.  
12. Rabi R, Alsaid RM, Matar AN, Dawabsheh Y, Abu Gaber D. 

The role of serum albumin in critical illness, predicting poor 
outcomes, and exploring the therapeutic potential of albumin 
supplementation. Sci Prog. 2024 Jul-
Sep;107(3):368504241274023. 

13. Akinosoglou K, Schinas G, Almyroudi MP, Gogos C, 
Dimopoulos G. The impact of age on intensive care. Ageing 

Res Rev. 2023 Feb;84:101832. 
14. Subbarayan B, Vivek V, Kuppuswamy MK. Renal replacement 

therapy during extracorporeal membrane oxygenation. Indian J 
Thorac Cardiovasc Surg. 2021 Apr;37(Suppl 2):261-266.  

15. Fang Z, Zhang H, Guo J, Guo J. Overview of therapeutic drug 
monitoring and clinical practice. Talanta. 2024 Jan 1;266(Pt 
1):124996.  

16. Póvoa P, Moniz P, Pereira JG, Coelho L. Optimizing 

Antimicrobial Drug Dosing in Critically Ill Patients. 
Microorganisms. 2021 Jun 28;9(7):1401.  

17. Pereira JG, Fernandes J, Duarte AR, Fernandes SM. β-Lactam 
Dosing in Critical Patients: A Narrative Review of Optimal 
Efficacy and the Prevention of Resistance and Toxicity. 
Antibiotics (Basel). 2022 Dec 18;11(12):1839.  

18. Matsumoto K, Oda K, Shoji K, Hanai Y, Takahashi Y, Fujii S, 
Hamada Y, Kimura T, Mayumi T, Ueda T, Nakajima K, 
Takesue Y. Clinical Practice Guidelines for Therapeutic Drug 

Monitoring of Vancomycin in the Framework of Model-
Informed Precision Dosing: A Consensus Review by the 
Japanese Society of Chemotherapy and the Japanese Society of 
Therapeutic Drug Monitoring. Pharmaceutics. 2022 Feb 
23;14(3):489. 

19. Ashbee HR, Barnes RA, Johnson EM, Richardson MD, Gorton 
R, Hope WW. Therapeutic drug monitoring (TDM) of 
antifungal agents: guidelines from the British Society for 

Medical Mycology. J Antimicrob Chemother. 2014 
May;69(5):1162-76. 

20. Lanckohr C, Boeing C, De Waele JJ, de Lange DW, Schouten 
J, Prins M, Nijsten M, Povoa P, Morris AC, Bracht H. 
Antimicrobial stewardship, therapeutic drug monitoring and 
infection management in the ICU: results from the international 
A- TEAMICU survey. Ann Intensive Care. 2021 Aug 
26;11(1):131. 

21. Jacob S, Nair AB. An Updated Overview on Therapeutic Drug 
Monitoring of Recent Antiepileptic Drugs. Drugs R D. 2016 
Dec;16(4):303-316. 

22. Lee H, Myoung H, Kim SM. Review of two 
immunosuppressants: tacrolimus and cyclosporine. J Korean 
Assoc Oral Maxillofac Surg. 2023 Dec 31;49(6):311-323. 

23. Kaye AD, Shah SS, Johnson CD, De Witt AS, Thomassen AS, 
Daniel CP, Ahmadzadeh S, Tirumala S, Bembenick KN, Kaye 

AM, Shekoohi S. Tacrolimus- and Mycophenolate-Mediated 
Toxicity: Clinical Considerations and Options in Management 
of Post-Transplant Patients. Curr Issues Mol Biol. 2024 Dec 
24;47(1):2.  

24. Mohammadpour N, Elyasi S, Vahdati N, Mohammadpour AH, 
Shamsara J. A review on therapeutic drug monitoring of 
immunosuppressant drugs. Iran J Basic Med Sci. 2011 
Nov;14(6):485-98.  

25. Altman AD, Helpman L, McGee J, Samouëlian V, Auclair 
MH, Brar H, Nelson GS; Society of Gynecologic Oncology of 



Agrawal                                                                        Therapeutic Drug Monitoring in Critical Care and Transplants 

Online First                                                                                                                     Indian J Pharm Drug Studies | 5  

Canada’s Communities of Practice in ERAS and Venous 
Thromboembolism. Enhanced recovery after surgery: 
implementing a new standard of surgical care. CMAJ. 2019 

Apr 29;191(17):E469-E475. 
26. van Gelder T, Gelinck A, Meziyerh S, de Vries APJ, Moes 

DJAR. Therapeutic drug monitoring of tacrolimus after kidney 
transplantation: trough concentration or area under curve-based 
monitoring? Br J Clin Pharmacol. 2025 Jun;91(6):1600-1606. 

27. Nobakht E, Jagadeesan M, Paul R, Bromberg J, Dadgar S. 
Precision Medicine in Kidney Transplantation: Just Hype or a 
Realistic Hope? Transplant Direct. 2021 Jan 7;7(2):e650. 

28. Abdelmessih E, Patel N, Vekaria J, Crovetto B, SanFilippo S, 
Adams C, Brunetti L. Vancomycin area under the curve versus 
trough only guided dosing and the risk of acute kidney injury: 
Systematic review and meta-analysis. Pharmacotherapy. 2022 
Sep;42(9):741-753. 

29. Kovačević T, Avram S, Milaković D, Špirić N, Kovačević P. 
Therapeutic monitoring of amikacin and gentamicin in 
critically and noncritically ill patients. J Basic Clin Pharm. 

2016 Jun;7(3):65-9. 
30. Tannous E, Lipman S, Tonna A, Hector E, Hussein Z, Stein M, 

Reisfeld S. Time above the MIC of Piperacillin-Tazobactam as 
a Predictor of Outcome in Pseudomonas aeruginosa 
Bacteremia. Antimicrob Agents Chemother. 2020 Jul 
22;64(8):e02571-19. 

31. Luo J, Liu J, Lin H, Yang Y, Chen C, Chen J, Zhong H, Zhang 
S. Optimization of meropenem dosing regimens in critically ill 

patients with augmented renal clearance. Front Med 
(Lausanne). 2025 May 9;12:1550053. 

32. Bilal M, Zoller M, Fuhr U, Jaehde U, Ullah S, Liebchen U, 
Büsker S, Zander J, Babouee Flury B, Taubert M. Cefepime 
Population Pharmacokinetics, Antibacterial Target Attainment, 
and Estimated Probability of Neurotoxicity in Critically Ill 
Patients. Antimicrob Agents Chemother. 2023 Jul 
18;67(7):e0030923.  

33. Alsultan A. Determining therapeutic trough ranges for 

linezolid. Saudi Pharm J. 2019 Dec;27(8):1061-1063.  
34. Jin H, Wang T, Falcione BA, Olsen KM, Chen K, Tang H, Hui 

J, Zhai S. Trough concentration of voriconazole and its 
relationship with efficacy and safety: a systematic review and 
meta-analysis. J Antimicrob Chemother. 2016 Jul;71(7):1772-
85. 

35. Dekkers BGJ, Bakker M, van der Elst KCM, Sturkenboom 
MGG, Veringa A, Span LFR, Alffenaar JC. Therapeutic Drug 

Monitoring of Posaconazole: an Update. Curr Fungal Infect 
Rep. 2016;10:51-61. 

36. Kunka ME, Cady EA, Woo HC, Thompson Bastin ML. 

Flucytosine Pharmacokinetics in a Critically Ill Patient 
Receiving Continuous Renal Replacement Therapy. Case Rep 
Crit Care. 2015;2015:927496. 

37. Hsiao CY, Ho MC, Ho CM, Wu YM, Lee PH, Hu RH. Long-
Term Tacrolimus Blood Trough Level and Patient Survival in 
Adult Liver Transplantation. J Pers Med. 2021 Feb 1;11(2):90. 

38. Delgado DH, Rao V, Hamel J, Miriuka S, Cusimano RJ, Ross 
HJ. Monitoring of cyclosporine 2-hour post-dose levels in heart 

transplantation: improvement in clinical outcomes. J Heart 
Lung Transplant. 2005 Sep;24(9):1343-6.  

39. Sabo AN, Jannier S, Becker G, Lessinger JM, Entz-Werlé N, 
Kemmel V. Sirolimus Pharmacokinetics Variability Points to 
the Relevance of Therapeutic Drug Monitoring in Pediatric 
Oncology. Pharmaceutics. 2021 Mar 30;13(4):470. 

40. Ogutu BR, Newton CR, Muchohi SN, Otieno GO, Edwards G, 
Watkins WM, Kokwaro GO. Pharmacokinetics and clinical 

effects of phenytoin and fosphenytoin in children with severe 
malaria and status epilepticus. Br J Clin Pharmacol. 2003 
Jul;56(1):112-9. 

41. Tseng YJ, Huang SY, Kuo CH, Wang CY, Wang KC, Wu CC. 
Safety range of free valproic acid serum concentration in adult 
patients. PLoS One. 2020 Sep 2;15(9):e0238201. 

42. Nolen WA, Jansen GS, Broekman M. Measuring plasma levels 
of carbamazepine. A pharmacokinetic study in patients with 

affective disorders. Pharmacopsychiatry. 1988 Sep;21(5):252-
4. 

43. Goldberger ZD, Goldberger AL. Therapeutic ranges of serum 
digoxin concentrations in patients with heart failure. Am J 
Cardiol. 2012 Jun 15;109(12):1818-21. 
 
 
 

How to cite this article: Agrawal R. Therapeutic Drug 

Monitoring (TDM): A Necessity in Critical Care and 

Transplant Settings. Indian J Pharm Drug Studies. 2025; 

Online First. 

Funding: None;                 Conflicts of Interest: None Stated 

 


	I. TDM in Critical Care

