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Abstract

Background: Intravenous (IV) diazepam is formulated with propylene glycol (PG) as its solvent, and high-dose continuous infu-
sions can lead to PG accumulation, hyperosmolality, anion gap metabolic acidosis, and acute kidney injury (AKI). Reports of this
phenomenon specifically in tetanus patients treated with IV diazepam remain scarce. Propylene glycol toxicity is well recognized
with intravenous lorazepam, yet PG-induced AKI following continuous intravenous diazepam infusion in generalized tetanus re-
mains exceedingly rare in the literature; this case contributes a clearly documented instance with near-complete renal recovery after
transition to midazolam. Case Description: A 21-year-old man with generalized tetanus received continuous IV diazepam (5-8
mL/h) in the ICU. By day 10, his peak blood urea reached 233 mg/dL and peak serum creatinine reached 6.55 mg/dL, indicating
PG-induced AKI. Hemodialysis was performed on Days 7, 11, and 12, and diazepam was discontinued in favor of PG-free IV
midazolam on Day 10. Renal parameters normalized progressively thereafter, and the patient was discharged in a clinically stable
condition after 28 days. Conclusion: Prolonged, high-dose IV diazepam can cause clinically significant PG toxicity and AKI,
making IV midazolam the preferred alternative for sustained ICU sedation in tetanus. Routine osmolar gap monitoring is essential
whenever PG-containing infusions are used.

Keywords:
tetanus; diazepam; propylene glycol; acute kidney injury; midazolam; benzodiazepine toxicity; intensive care unit; case report

lI. Introduction and potentially fatal respiratory compromise [1]. Although
nearly eliminated in high-income nations, tetanus still
Tetanus is a life-threatening infectious disease caused causes an estimated 30,000-50,000 deaths annually, the
by tetanospasmin, the neurotoxin produced by Clostrid-  vast majority in low- and middle-income countries [2].
ium tetani. This exotoxin travels via retrograde axonal Standard management includes wound debridement,
transport to inhibit the release of glycine and gamma- passive immunization with human tetanus immunoglob-
aminobutyric acid (GABA) at inhibitory synapses, pro- ylin, metronidazole therapy, airway protection, and phar-
ducing uncontrolled muscle spasms, trismus, opisthotonus, macolo gical control of spasms [3]. Benzodiazepines, which
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act on GABA-A receptors, remain the mainstay of spasm
treatment, and IV diazepam is commonly favored, partic-
ularly in resource-poor settings, for its effectiveness and
low cost. Severe generalized tetanus, however, may de-
mand infusion doses well above the usual range [4].

In tetanus management, diazepam is typically ini-
tiated at 10-30 mg IV in adults and repeated every 1—
4 h as needed. Prolonged or high-dose administration,
however, can drive PG accumulation, producing hyperos-
molarity and high-anion-gap metabolic (lactic) acidosis;
these metabolic disturbances are frequently linked to acute
kidney injury and may progress to multiorgan dysfunction.
To mitigate this risk, continuous infusion of IV midazo-
lam, a water-soluble benzodiazepine free of PG, is gener-
ally preferred whenever high-dose sedation is required [5—
7]. Propylene glycol toxicity is well described with in-
travenous benzodiazepines, particularly lorazepam, and
has also been reported with intravenous diazepam in crit-
ically ill patients [8]; nevertheless, reports of PG-induced
acute kidney injury linked specifically to continuous intra-
venous diazepam infusion in generalized tetanus remain
exceedingly rare. Here we describe a case of severe PG-
induced acute kidney injury in a young tetanus patient re-
ceiving continuous IV diazepam, with near-complete re-
nal recovery following transition to IV midazolam.

2. Case Presentation

A 21-year-old married male laborer with no known med-
ical illness presented to the emergency department of a
tertiary care hospital in Peshawar with a 10-day history
of worsening trismus and inability to open his mouth, fol-
lowing an 11-day history of generalized body stiffness.
His past medical history was notable only for neonatal
seizures lasting approximately one week, which had re-
solved completely without recurrence or long-term se-
quelae. He had received no prior medical treatment or
intervention for the current illness before admission, and
there was no history of recent wound, trauma, or pierc-
ing. He could not provide details of his vaccination his-
tory, though childhood vaccination under the Expanded
Programme on Immunization (EPI) was reported. On ex-
amination, blood pressure was 110/80 mmHg, pulse 55
beats/min, respiratory rate (RR) 18 breaths/min, temper-
ature 98.0 °F, and oxygen saturation 95% on room air;
generalized muscle stiffness with limited mouth opening
was noted. Generalized tetanus was diagnosed on the
basis of the clinical history together with the presence
of trismus, risus sardonicus, generalized muscle rigidity,
and painful reflex spasms, consistent with standard diag-
nostic criteria [9]. Cranial MRI revealed an incidental
parieto-occipital arachnoid cyst, considered unrelated to

the presenting symptoms. Initial blood tests showed mild
leukocytosis (WBC 13.5 x 103/uL), hemoglobin 12.8
g/dL, platelets 283 x 103/uL, and a mildly elevated ala-
nine aminotransferase (ALT 78 U/L); renal function was
preserved at baseline, with urea 66 mg/dL and creatinine
0.65 mg/dL. Creatine kinase (CK) was markedly elevated
(3829 U/L), consistent with vigorous, prolonged muscular
activity, while random blood glucose was 86 mg/dL and
hepatitis C serology was negative.

On Day 1, the patient received tetanus antitoxin
(Tetagam® 3000 TU, IM), IV antibiotics (metronidazole and
amoxicillin-clavulanate), and IV diazepam to control
spasms. By Day 2, increasing spasm frequency and declin-
ing oxygen saturation necessitated ICU admission; he was
orotracheally intubated and started on volume-controlled
ventilation, and the diazepam infusion was increased to
8 mL/h (16 mg/h), using diazepam injection (commercial
concentration 5 mg/mL) diluted to a final concentration
of 2 mg/mL. The tetanus antitoxin dose was increased
to 5000 IU, and atracurium was started to induce neuro-
muscular paralysis. From Day 3 onward, renal function
monitoring revealed a progressive rise in serum creatinine
(from 0.65 to 6.55 mg/dL) and blood urea (from 66 to 233
mg/dL), accompanied by a calculated osmolar gap of ap-
proximately 20-50 mOsm/kg during Days 3-10, findings
consistent with PG-induced AKI, as illustrated in Figure 1.
No other nephrotoxic exposure or history of renal disease
was identified. Causality was assessed using the Naranjo
Adverse Drug Reaction Probability Scale, yielding a to-
tal score of 5, consistent with a probable adverse drug
reaction; this score reflected previous conclusive reports
(+1), onset of the reaction after diazepam administration
(+2), improvement following diazepam withdrawal (+1),
and objective laboratory evidence confirming the reaction
(+1) [10]. The patient underwent hemodialysis on Days
7 (ultrafiltration [UF] 200 mL), 11 (UF 1.5 L), and 12
(UF 1.5 L) to clear PG and its metabolites. IV diazepam
was discontinued on Day 10 and replaced with IV mida-
zolam, and IV magnesium sulfate (6 g, 48 mEq, diluted in
500 mL normal saline) was administered over 3 h to help
control spasms and autonomic instability. Following the
transition to midazolam, renal function improved steadily:
creatinine fell from 6.55 mg/dL (Day 10) to 3.8 mg/dL
(Day 20) and to approximately 0.95 mg/dL by discharge
(Day 28), with blood urea declining in parallel. Spasms
improved markedly, allowing extubation, and the patient
received a booster dose of tetanus toxoid (0.5 mL IM)
before discharge. He completed a 28-day ICU stay and
was discharged in good condition, having given consent
for publication. The full clinical and laboratory course is
summarized in Tables 1 and 2.
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Table I: Chronological clinical timeline of the ICU admission.

Day(s) Clinical Events Key Investigations Medications/Interventions
30T - .
Admission; trismus, generalized VW EC 13+ X 107/uL; Hb 12.8 g/dl; Tetagam® 3000 IU IM;
spasm; O, sat 95%; BP 110/80; Creatinine 0.65 mg/dL; Urea 66 Metronidazole TV;
Day 1 pasm, R * mg/dL; CK 3829 U/L; ALT 78 U/L; Lo ’
oriented, afebrile. Transferred to .. . . Amoxicillin-clavulanate IV;
the medical ward HCV (hepatitis C virus): negative; IV Diazepam commenced
’ brain MRI: incidental cyst P
Worsening spasms; (%echnmg (67} BP 112/65: PR 51: RR 25: CXR . Tetagam~ 5000 IU; IV
Day 2 sat. ICU transfer; intubated; (chest X-ray)/ABG (arterial blood Diazepam 8 mL/h (16 mg/h);
y mechanical ventilation Zs) requested IV Atracurium; IV
commenced. & q Metronidazole
Ongoing sedation and Creatinine rising to peak 6.55 mg/dL: v D1az§pam 5-8 mL/h
neuromuscular blockade; spasm .. continuously; IV
Days 3-6 . urea rising to 233 mg/dL; osmolar . .
partially controlled; ap elevated Atracurium; supportive
ventilator-dependent. £ap infusions
AK.I cogﬁrmed; first Creatinine 5.72 mg/dL; Urea 225 Hemodialysis; continued IV
Day 7 hemodialysis (UF 200 mL); mg/dL; osmolar gap elevated Diazepam; supportive care
hemodynamics stabilized. gt £ap pam; supp
Spasms persisting: IV Diazepam discontinued
Days 8-10 ventilator-dependent; decision to Creatinine peaked .z6'. >3 mg/dL; (Day 10); IV Mldazol.am
. . serial monitoring commenced; Magnesium
switch to IV Midazolam.
sulfate added
Hemodialysis repeated (Day 11:
Days 1112 UF 1.5 L; Day 12: UF 1..5 L); Creatinine and urea declining v M1dazolam;‘ hemodialysis
renal parameters beginning to X2; supportive therapy
trend downward.
IV Midazolam; IV
Gradual ventilator weaning; .. Magnesium sulphate;
Days 13-20 spasms significantly reduced. Creatinine 3.8 mg/dL by Day 20 Tetanus toxoid 0.5 mL IM
(booster)
Weaned from ventilation; .. ) Oral medications;
Days 21-28 asymptomatic, afebrile. Creatinine ~ 0.95 mg/dL; Urea 55 rehabilitation; discharge after

Discharged in stable condition

mg/dL

28-day ICU stay

AKI: acute kidney injury; BP: blood pressure; CK: creatine kinase; CXR: chest X-ray; HCV: hepatitis C virus; ICU: intensive care
unit; IM: intramuscular; [V: intravenous; MRI: magnetic resonance imaging; UF: ultrafiltration.

Table 2: Serial laboratory parameters from admission to discharge.

Parameter Admission Peak Value Midazolam Switch Discharge
(Day 1) (Day 10) (Day 20) (Day 28)
Serum Creatinine (mg/dL) 0.65 6.55 3.8 0.95
Blood Urea (mg/dL) 66 233 - 55
WBC (x10°/uL) 13.5 — — Within normal limits
Hemoglobin (g/dL) 12.8 — — Stable
CK (U/L) 3829 (elevated) — — Declining
ALT (U/L) 78 — — Improved
O, Saturation (%) 95 — 98 98
Blood Pressure (mmHg) 110/80 — 119/88 Normal

AKI was defined as a creatinine rise exceeding 1.5 baseline within 7 days, per KDIGO (kidney disease: Improving Global Out-
comes) criteria. Normal reference ranges were serum creatinine 0.64—1.2 mg/dL and blood urea 10-50 mg/dL.
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Figure |: Serum creatinine (a) and blood urea (b) trends during hospitalization, showing the rise associated with IV diazepam and

the subsequent recovery after switching to IV midazolam.

3. Discussion

We report a life-threatening case of PG-induced AKI fol-
lowing high-dose, continuous IV diazepam in a patient
with generalized tetanus. Several features together point
to PG as the likely cause: the temporal correlation be-
tween the rise in creatinine and urea and the ongoing in-
fusion of PG-containing diazepam, the elevated osmolar
gap, the improvement seen with hemodialysis, and the
rapid resolution of renal failure after substitution with mi-
dazolam. The patient also received atracurium, metron-
idazole, amoxicillin-clavulanate, and magnesium sulfate,
none of which are established causes of acute kidney in-
jury under routine therapeutic use; although rare cases of
nephrotoxicity have been reported with metronidazole and
amoxicillin-clavulanate, the clinical course and temporal
association in this patient favored propylene glycol toxic-
ity as the more likely explanation. Alternative causes of
AKI were carefully weighed and excluded. Rhabdomyol-
ysis was considered unlikely, since the creatine kinase ele-
vation (3829 U/L) fell well below the levels typically asso-
ciated with rhabdomyolysis-induced AKI, and there was
no clinical evidence of myoglobinuria. Sepsis-associated
AKI and hemodynamic or volume-related renal injury
were similarly judged unlikely, as the patient remained
hemodynamically stable with no features suggestive of

significant sepsis or hypovolemia, and contrast-induced
nephropathy was excluded outright, since no contrast-
enhanced imaging was performed during hospitalization.
While propylene glycol-induced toxicity associated with
intravenous diazepam has been reported in critically ill
patients, published reports of PG-induced acute kidney
injury during continuous intravenous diazepam infusion
specifically in generalized tetanus remain very limited.

PG toxicity is most thoroughly characterized in the
context of [V lorazepam, which also contains PG. Yahwak
et al. established the osmolar gap as a practical surrogate
marker for PG accumulation in critically ill adults receiv-
ing prolonged lorazepam infusions [11].

Similarly, at infusion rates of 8 mL/h, as in the
present case, daily PG delivery from IV diazepam has also
been associated with nephrotoxicity. An osmolar gap ex-
ceeding 10 mOsm/kg should prompt consideration of PG
toxicity in patients receiving such infusions [12]. Serum
PG concentrations, while confirmatory, are not routinely
available in resource-limited settings, making the osmolar
gap the most practical bedside monitoring tool.

A critical and often underappreciated feature of PG
toxicity is its clinical mimicry of sepsis. Rising creatinine
and urea, hemodynamic instability, and metabolic acido-
sis in an ICU patient are frequently attributed to infec-
tion or disease progression rather than to the infusion it-
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self. Clinicians should therefore maintain a high index of
suspicion for iatrogenic PG toxicity whenever these find-
ings coincide temporally with prolonged PG-containing
infusions in the absence of microbiological evidence. Be-
cause IV midazolam contains no PG, it eliminates this spe-
cific toxicity pathway altogether. Early reports demon-
strated effective sedation with prolonged IV midazolam in
tetanus patients, and subsequent evidence has continued to
support its safety and efficacy in this indication [12,13].
Autonomic dysfunction, a recognized complication
of severe generalized tetanus that portends a poor prog-
nosis [14], was managed in this case with adjunctive IV
magnesium sulfate. A landmark randomized controlled
trial by Thwaites et al. [15] demonstrated that magnesium
reduces spasms and autonomic instability compared with
placebo, supporting its role as a complementary agent; the

comparative pharmacological properties of IV diazepam
and IV midazolam relevant to tetanus management are
summarized in Table 3. The clinical pharmacist played
an important role in the multidisciplinary management of
this patient, first by recognizing the potential link between
prolonged high-dose intravenous diazepam therapy and
the otherwise unexplained development of acute kidney
injury, and identifying cumulative propylene glycol expo-
sure from the diazepam formulation as a likely contribut-
ing factor based on the patient’s clinical course. The phar-
macist further supported ongoing therapeutic monitoring
by reviewing renal function trends and laboratory param-
eters after the medication change, and worked with the in-
tensive care team to optimize benzodiazepine dosing and
sedation strategy in order to reduce the risk of propylene
glycol toxicity in similarly high-risk patients.

Table 3: Comparative properties of IV diazepam and IV midazolam relevant to tetanus management in the /ICU.

Feature IV Diazepam IV Midazolam
Vehicle/Solvent Propylene glycol (PG) None (water-soluble)
Risk of PG toxicity High at prolonged/high doses Absent
AKl/osmolar gap risk Yes documented in this case Minimal

Duration of action

Long-acting

Short-acting (titratable)

ICU sedation suitability

Limited by PG accumulation

Preferred for prolonged sedation

Cost

Lower

Relatively higher

Evidence in tetanus

Established; PG risk

Growing; recommended for prolonged
use

ICU: intensive care unit; PG: propylene glycol; AKI: acute kidney injury.

This case report has the inherent limitations of a
single-case study. Serum propylene glycol concentra-
tions and arterial blood gas analysis were not available at
our center, so the diagnosis of propylene glycol-induced
acute kidney injury rested on the temporal relationship be-
tween prolonged intravenous diazepam exposure and re-
nal dysfunction rather than on direct biochemical confir-
mation. Future studies should incorporate routine osmolar
gap monitoring and, where feasible, direct serum propy-
lene glycol measurement to strengthen the diagnosis of PG
toxicity in patients receiving prolonged propylene glycol-
containing infusions.

4. Conclusions

Continuous high-dose IV diazepam, a widely used agent
for tetanus spasm control, can cause severe, potentially
reversible AKI mediated by its solvent vehicle, propy-
lene glycol; early recognition, supported by routine os-
molar gap monitoring, is therefore essential. When sus-

tained high-dose benzodiazepine therapy is required in the
ICU, IV midazolam should be considered as an alternative,
since its PG-free formulation avoids this specific toxicity
risk entirely. In this patient, switching to IV midazolam,
supported by hemodialysis and adjunctive magnesium sul-
fate, enabled full clinical recovery. Clinicians practicing
in settings where IV diazepam is routinely used for tetanus
should remain aware of this iatrogenic risk and implement
appropriate monitoring protocols.
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ABG Arterial Blood Gas

AKI Acute Kidney Injury

ALT Alanine Aminotransferase

BP Blood Pressure

CK Creatine Kinase

CXR Chest X-Ray

EPI Expanded Programme on Immunization
GABA  Gamma-Aminobutyric Acid
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HCV Hepatitis C Virus

ICU Intensive Care Unit

M Intramuscular

v Intravenous

KDIGO Kidney Disease Improving Global Outcomes
MRI Magnetic Resonance Imaging
PG Propylene Glycol

PR Pulse Rate

RR Respiratory Rate

UF Ultrafiltration

WBC White Blood Cell Count
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