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Serum Creatinine in the Critically Ill Patient With Sepsis
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A73-year-old man underwent esophageal resection for cancer. He had a history of hyper-
tension that was treated with an angiotensin receptor blocker. Preoperative estimated glo-
merular filtration rate (GFR) was 98 mL/min/1.73 m?. On the second postoperative day, body
temperature was 38.6°C. Chest x-ray revealed bilateral lung consolidations consistent with

HOW DO YOU INTERPRET THE TEST
RESULTS FROM DAY 3 POSTOPERATIVELY
AT 3 AM?

pneumonia. Blood pressure decreased from 145/72 mm Hg to 96/53 mm Hg with a heart

rate of 105/min. The patient was admitted to the intensive care unit (ICU) with acute respi-
ratory failure and was placed on mechanical ventilation. In the ICU, urine output was 50 mL
over 3 hours. Onday 3, he received 4.5 L of Ringer lactate over 12 hours. Laboratory values

are shown in the Table.

A. The change in serum creatinine
is within the coefficient
of variation.

Table. Patient’s Laboratory Results

B. The patient has acute kidney
injury most likely related

Postoperative Values

to sepsis.

Preoperative Day1, Day2, Day3, Day3, Day3, Day5, Reference
Laboratory Test Values 8 AM 11pvM®* 3 AM 2 PM 7 Pm 6 AM Range
Serum creatinine, mg/dL  0.81 085 1.03 11 14 16 25  05-1.2 C. The patient has prerenal
Blood urea nitrogen, 8.1 96 119 147 164 179 26.0 10-20 azotemia.
mg/dL
Hemoglobin, g/dL 13.6 11.9 11.1 10.4 10.5 10.5 9.5 14-17

D. There are insufficient data

Sl conversion factors: to convert blood urea nitrogen to mmol/L, multiply by 0.357; serum creatinine

to pmol/L, multiply by 88.4.
2 Time of admission to the intensive care unit.

to conclude that a decrease
in glomerular filtration rate
has occurred.

Answer
B. The patient has acute kidney injury most likely related to sepsis.

Tests Characteristics

Serum creatinine is a marker of GFR. Serum creatinine level
depends on creatinine production and elimination. Elimination
mostly depends on GFR but tubular secretion is also important,
especially in patients with markedly reduced kidney function. While
muscle injury (ie, rhabdomyolysis) might increase creatine release,
sepsis may decrease creatinine production such that serum creati-

nine may not increase despite a decrease in GFR. Serum creatinine
increases slowly after acute kidney injury (AKI). Creatinine distrib-

utes|in a large volume, approximating 60% to 70% of total body
weight. The increase in serum creatinine is further delayed by
administration of large amounts of fluid and positive fluid balance.’
For example, when patients with sepsis receive alarge amount of
fluids, AKI might be underrecognized.? Reaching a steady state of
serum creatinine level requires that all compartments in which cre-
atinine distributes are at lequilibrium between production and
elimination. Current international consensus criteria for AKI include
a relative increase in serum creatinine (=50% from|baseline within
7 days) or an absolute increase in serum creatinine (=0.3 mg/dL
within a 48-hour period).3 Mean Medicare reimbursement for
serum creatinine testing is $5 to $6.
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Application of the Test Results for This Patient

On postoperative day 3 at 3Am, serum creatinine was only margin-
ally increased despite AKI. Increased volume of distribution would
be expected to lead to a decrease in serum creatinine level if the
GER was stable. The slight increaselin serum creatinine, in this spe-
cific clinical context, led to early identification of AKI. Low urine
output is also characteristic in AKI diagnosis (<0.5 mL/kg/h for
more than 6 hours) and may precede the increase of serum creati-
nine. However, /AKI can develop without oliguria, and 6-hour urine
output monitoring is not always available, as in this case. The
patient later met criteria for AKI'stage 3 (ie, 3-fold increase/in serum
creatinine above baseline or =4 mg/dL). Early identification of AKI,
however, allows for rapid identification of sepsis severity,* which
may facilitate earlier initiation of optimal care and avoidance of
nephrotoxins (ie, vancomycin).” It is important to recognize that
AKI can develop in patients with sepsis, despite absence of arterial
hypotension or shock.®

What AreAlternativel Diagnostic Testing Approaches?

Cystatin Cmay beless affected by muscle mass and metabolism than
creatinine, but it is not more sensitive to detect AKI than serum cre-
atinine. Alternative biomarkers (eg, neutrophil gelatinase-
associated lipocalin, insulin-like growth factor binding protein 7, and
tissue inhibitor of metalloproteinases-2) can detect kidney damage
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and indicate impending AKI but do_ and
should RGtireplace’sertim creatinine. [Urine:analysis is important for
lsomelforms of AKI (eg, glomerulariiephiritis) but lacks|sensitivity and
lSpecificity. Measuring creatinine clearance estimates GFR but féf

[quires a steady-state serum creatinine, urine creatinine, and precise
urine volume measurement. [Fofmulas have been proposed forf€or

8 In this case, correcting
serum creatinine based on a positive fluid balance of 4.5 L and an es-
timated volume of distribution of 45 L (ie, 60% of 75 kg) indicated

Patient Outcome

The patient was diagnosed with postoperative pneumonia compli-
cated by sepsis and AKI. The patient’s condition improved and
he was discharged 23 days after admission to the ICU. At discharge,

his serum creatinine was 0.7 mg/dL. |Récovery'can be overestiz
imated because of muscle mass 16ss during an ICU stay and |persisy

easured creatinine clearance was
72 mL/min/1.73 m? over a 24-hour urine volume collection, reflect-
ing partial recovery from AKI because the GFR had not reverted to

a corrected serum creatinine of 1.22 mg/dL at 3 AM on day 3.
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