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Background: Hypophosphatemia (HP) is frequent following liver resection, and thought to represent use
of phosphate during liver regeneration. We sought to evaluate the association of post-hepatectomy HP with
liver insufficiency and recovery.

Methods: Liver resections were retrospectively reviewed from 2009 to 2012 at a single institution. We
explored the relationship between HP (defined as serum phosphate <0.65 mmol/L), occurrence of initial
liver insufficiency (ILI) [bilirubin >50 pmol/L, international normalized ratio INR) >1.7 within 72 hours
of surgery] and in-hospital recovery of ILI. Secondary outcomes included 30-day post-operative major
morbidity (Clavien grade 3 and 4 complications), mortality, and re-admission.

Results: Among 402 patients, 223 (55.5%) experienced HP and 64 (15.9%) met our definition of ILI,
of which 53 (82.8%) recovered. Length of stay, 30-day post-operative major morbidity, mortality, and
re-admission were similar between patients with and without HP. Among patients with ILI, 44 (68.8%)
experienced HP. Following ILI, patients with HP recovered more often than those with NP (90.9% uvs.
65.0%; P=0.03).

Conclusions: In patients who experience post-hepatectomy ILI, HP is associated with improved recovery,
potentially indicating more efficient liver regeneration. Further studies should explore the usefulness of post-

hepatectomy HP as an early prognostic factor of recovery from ILI.
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Introduction

Recent major advancements in the technique and intra-
operative management have significantly improved
outcomes of hepatic surgery (1). However, post-operative
liver failure remains a significant complication, responsible
for 60% to 100% of deaths after liver resection (1-4).

Considering the rising prevalence of parenchymal liver
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disease and the increased use of potentially hepatotoxic neo-
adjuvant chemotherapy, more patients are and will be at risk
of post-hepatectomy liver failure (PHLF) (5,6).

While initial liver insufficiency (ILI), whereby serum
bilirubin and international normalized ratio (INR) rise in
the first 24 to 72 hours following hepatectomy, is frequent,
it is most often transient (7) and not predictive of outcomes.
Early and reliable identification of patients who will
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progress towards formal PHLF is an ongoing challenge.
Scoring systems have been suggested to standardize PHLF
definition, and predict post-hepatectomy morbidity and
mortality. Unfortunately, they cannot be used before the
fifth post-operative day (8), thus precluding our ability to
distinguish early, which patients will recover from ILI and
which ones will suffer from PHLFE

Phosphate plays a key role in the formation of high-
energy bonds and is essential to multiple metabolic
processes. Severe hypophosphatemia (HP) has been
associated with a variety of high energy catabolic processes,
including re-feeding (9,10) and trauma (11). The frequent
occurrence of HP after liver resection has been reported in
case reports and small case series (12-14). The meaning of
HP in association with liver failure or morbidity remains
controversial. While some small observational studies
reported an association with increased post-operative
morbidity (13,14), others observed no difference (15,16).
However, as the liver contains 0.3% of phosphorus by
weight (17), liver regeneration is also associated with
considerable movement of phosphate into the hepatocytes
(18,19). Thus it is also possible that HP could be a surrogate
marker for early liver regeneration post hepatectomy.

We sought to examine the association between post-
hepatectomy HP and liver insufficiency’s course. We
hypothesized that between post-hepatectomy HP was
associated with higher rates of ILI, and higher rates of
recovery from ILL

Methods

We conducted a retrospective cohort study approved by the
Sunnybrook Health Sciences Centre Research Ethics Board
[324-2013].

Selection of participants

Patients undergoing liver resection from January 2009 to
June 2012 at a single academic institution specialized in
Hepato-Pancreato-Biliary (HPB) surgery (Sunnybrook
Health Sciences Centre—The Odette Cancer Centre)
were identified using the institutional Liver Database. We
included all adult patients (=18 years old), undergoing
liver resection regardless of the indication or extent of
resection, with at least one serum phosphate measure in
the first 72 hours following surgery. We excluded patients
for which no post-operative serum phosphate level was
available during this time period.
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Based on previous studies reporting on the frequency of
moderate to severe post-hepatectomy HP (13,20), we defined
HP serum phosphate equal or below 0.65 mmol/L. It is also
clinically and biologically sensible that a drop in serum
phosphate due to liver regeneration would be larger than
that of mild HP (0.81 mmol/L).

Outcomes and data collection

Primary outcomes were the occurrence of ILI within the
first five post-operative days, defined as serum bilirubin
above 50 pmol/L and INR above 1.7 (Prothrombin Time
>50%) (8), and recovery from ILI, defined as resolution
of those parameters by the day of discharge from hospital.
Secondary outcomes were 30-day post-operative major
morbidity (Calvien-Dindo grade 3 or 4 complications) (21),
mortality, and re-admission.

Assessors not involved in the treatment process
collected demographics, clinical, and operative data using
a standardized form. Data collection included baseline
demographics, diagnostic, operative, and post-operative
course details. Nadir serum phosphate (mmol/L) was
captured within 72 hours following surgery. Peak bilirubin
(pmol/L), and peak INR values were recorded within five
days of surgery, and at discharge (on the day of or closest
value to the day of discharge). Background liver disease was
defined as either fibrosis or cirrhosis reported on pathology,
and major hepatic resection as more than three liver
segments resected.

All liver resections at our institution are performed
aiming for low central venous pressure (22). Patients are
monitored for at least 24 hours in a surgical intensive
care unit after surgery. Oral diet is resumed as soon as
possible, usually on post-operative day 1. Serum phosphate,
bilirubin and INR are routinely measured daily after
surgery. Standardized order sets for intravenous potassium
phosphate or sodium phosphate are routinely used to
replete serum phosphate, based on daily measurements.

Statistical analysis

Analysis was performed using SPSS 21.0 (IBM Corp.,
Amonk, NY, USA). Categorical data were reported as
absolute number (n) and proportion (%), and continuous
data as median with interquartile range (IQR) or mean
with standard deviation (SD). Comparison analysis was
conducted between HP and normophosphatemia (NP)
groups using the Student # test, Fisher exact test, Mann-
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Figure 1 Flow diagram.

Whitney U test or Pearson Chi square test, as appropriate.
Results were considered significant at P<0.05.

Results

Among 402 patients undergoing liver resection and having
post-operative serum phosphate levels available, 223 (55.5%)
experienced post-operative HP (Figure I). No patient had
severe HP (serum phosphate <0.32 mmol/L). Patients
with HP were younger than those with NP and less likely
to undergo resection for hepatocellular carcinoma (HCC)
(Table 1). There were no other differences in baseline
characteristics of patients with and without HP.

The postoperative course, including liver function
characteristics, is detailed in 7able 2 and Figure 2. No
difference was observed in 30-day post-operative major
morbidity, 30-day mortality, 30-day re-admission, and
length of stay between HP and NP groups.

ILI occurred in 15.9% of all patients in the cohort.
Patients with ILI were significantly more likely to
experience HP compared to those without ILI (68.8%
vs. 53.0%, P=0.02). Among all patients with ILI, 82.8%
recovered. More patients with HP recovered from ILI
compared to those with NP (Figure 3, 90.9% vs. 65.0%,
P=0.03).
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Discussion

This is one of the largest studies examining the association
between post-hepatectomy HP and course of liver
insufficiency. We observed no association between post-
hepatectomy HP and post-operative morbidity, mortality,
re-admission or length of stay. In patients experiencing ILI,
recovery of liver function was significantly higher in the
presence of HP (90.9% vs. 65.0%; P=0.03).

HP has been reported after various types of surgery,
occurring in all patients in one series of aortic bypass
(n=10), and 34.3% of 566 patients in two retrospective
reviews (23,24) of open-heart surgery,. However, after
liver resection, more profound and frequent HP has been
observed. In two retrospective cohort studies including
respectively 35 and 44 patients undergoing major
hepatectomies, 67% and 61.3% rates of HP were identified
(13,14). In the living liver donor population, retrospective
reports showed HP to occur in 65.9% to 70% of patients
after right hepatectomy (15,25,26). We observed a slightly
lower proportion of HP patients (55.5%), which can
be related to larger sample size, routine post-operative
repletion of phosphate, and/or inclusion of all extent of
hepatectomies.

The implications of HP following liver resection remain
controversial. Some authors have reported increased
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Table 1 Clinical and surgical characteristics of included patients, based on post-operative hypophosphatemia status

Post-operative Post-operative

Characteristics normophosphatemia (n=179) hypophosphatemia (n=223) P value
Age (years), mean (SD) 64 (11.2) 61.1 (13.7) 0.03
Male gender, n (%) 106 (60.3) 112 (50.7) 0.07
Clinical diagnosis, n (%)
Cholangiocarcinoma 19 (10.6) 34 (15.2) 0.17
Colorectal metastasis 115 (64.2) 145 (65.0) 0.92
Hepatocellular carcinoma 19 (10.6) 8 (3.6) 0.005
Neuroendocrine 4(2.2) 5(2.2) 1.0
Other benign 7(3.9) 5(2.2) 0.38
Other metastasis 9 (5.0 19 (8.5) 0.17
Other primary 6 (3.3) 7(3.1) 0.90
Background liver disease*, n (%) 2(2.2) 3(2.7) 0.83
Major hepatectomy”, n (%) 91 (50.8) 118 (52.9) 0.68
Pre-operative portal vein embolization, n (%) 10 (5.6) 6 (2.7) 0.14
Size of largest lesion resected (cm), mean (SD) 7.5@4.7) 6.1 (3.6) 0.14
Number of lesions resected, mean (SD) 2.1 (2.0) 2.0 (2.0 0.82
*, fibrosis or cirrhosis reported on pathology; *, resection of 3 segments or more.
Table 2 Post-operative characteristics of patients, based on post-operative hypophosphatemia status
Characteristics Post-operative Post-operative P value
normophosphatemia (n=179) hypophosphatemia (n=223)
Length of stay (days), median [IQR] 7 [5-11] 7 [6-10] 0.55
Post-operative nadir serum phosphate (mmoL/L), 0.88 (0.24) 0.49 (0.1) <0.01
mean (SD)
Post-operative peak serum bilirubin (umol/L), 34.1 (49.6) 44.6 [63] 0.07
mean (SD)
Post-operative peak INR, mean (SD) 1.583 (0.91) 1.51(0.37) 0.83
Serum bilirubin at discharge (umol/L), mean (SD) 24.8 (48.6) 28.8 [57] 0.51
INR at discharge, mean (SD) 1.39 (1.37) 1.16 (0.23) <0.01

Hallet et al. Post-hepatectomy hypophosphatemia

IQR, interquartile range; INR, international normalized ratio.

morbidity in patients with HP, including prolonged
mechanical ventilation time and longer length of stay
(13,14,25,26). They advocated for early and aggressive
repletion of serum phosphate after hepatectomy to prevent
surgical complications (13,14,25,26). With a sample size ten
times larger than these previous studies, our study did not
reveal a difference in post-operative morbidity between HP
and NP (5.8% wvs. 6.7%; P=0.56). While we acknowledge
that inclusion of minor liver resections (<3 segments) may
have lowered the occurrence of post-operative morbidity
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in the cohort, the large sample size and contemporary
cohort provide an accurate estimate. Our works is indeed
consistent with a retrospective cohort study supports our
observations—among 88 living liver donors, degrees of
HP were not associated with a difference in post-operative
morbidity (15). Furthermore, a contemporary analysis of
719 major liver resections also reported increased post-
operative morbidity and mortality associated with the lack
of HP rather than its presence (27).

Our findings suggest that, rather than bearing an
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Figure 2 Comparison of post-operative outcomes of included patients, based on post-operative hypophosphatemia status.
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Denominator is number of patients with initial liver insufficiency

Figure 3 Comparison of recovery from initial liver insufficiency,

based on post-operative hypophosphatemia status.
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increased risk for surgical complications, HP is associated
with higher rates of recovery from ILI, and could represent
a prognostic indicator of ILI recovery. Data about acute
and fulminant liver failure of other causes corroborate our
findings. In a review of 38 cases of fulminant hepatic failure
referred for liver transplant, mean nadir serum phosphate
was lower in those who recovered as compared to those
who required transplant or died from liver failure (1.18
vs. 1.79 mg/dL; P=0.02) (16). Lack of HP was identified
as predictor of mortality, being even equivalent to King’s
College Criteria to prognosticate outcomes of acute liver
failure. Better 1-week recovery rate in patients with lower
serum phosphate levels (74% if <2.5 mg/dL vs. 45% if
2.5-5.0 mg/dL vs. 0% if >5.0 mg/dL; P=0.0001) was also
revealed in an additional retrospective analysis of 112 acute
liver failure patients (28). Finally, the only other large
contemporary analysis of post-hepatectomy HP indicated
that patients presenting an elevated phosphate on post-
operative day 2 were at higher risk of liver insufficiency (27).

Many hypotheses have been proposed to explain post-
hepatectomy HP, but the exact underlying mechanism is
yet to be determined. Phosphate homeostasis is complex,
involving kidneys, gastrointestinal absorption, skeletal
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muscle, as well as numerous endogenous cytokines and
humoral substances (29). Beyond liver resection, other
common factors of post-operative management have
been implicated in HP after surgery, including re-feeding
syndrome, parenteral nutrition with low phosphate content,
and use of glucose containing intravenous solutions (30-32).
These factors were unlikely to be implicated in HP observed
in this study. This population included elective, stable, well-
nourished patients who routinely resumed diet the day after
surgery. In addition, there was no routine use of parenteral
nutrition, and none before post-operative day 7.

Liver tissue contains 0.3% of phosphate by weight (17);
therefore increased flux of serum phosphate into hepatocytes
appears needed for high energy consuming liver regeneration
process. Since it takes up to seven days before phosphate
starts mobilizing from bones, such a high phosphate
consuming process can account for large decreases in
serum phosphate early after surgery (30). This hypothesis
is supported by canine models subjected to sub-total
hepatectomy that led to rapid uptake of radiolabeled
phosphate and increased mitotic counts in the regenerating
residual liver, resulting in HP (18,19). Fluid shifts and high
metabolic demand, characteristics of post-surgical state,
may also exacerbate development of HP (33,34). Attributing
post-hepatectomy HP to liver regeneration has been
challenged by small studies identifying urinary waste with
increased fractional urinary phosphate excretion paralleling
the serum phosphate drop among 9 to 20 patients (35,36).
The mechanism triggering hyperphosphaturia remains
unclear, with processes such as action of phosphatins, or
release of proteolytic enzymes by the damaged liver to
activate phosphaturic hormones being proposed but not
investigated yet (30).

Studies looking at the evolution of liver function following
hepatectomy have highlighted common ILI that most
often recovers, but that can also progress towards formal
PHLF associated with high morbidity and mortality (7).
Unfortunately, no good indicator of which patients will
recover and which will progress to formal or permanent
liver failure is currently available. PHLF consensual
definitions rely on values on post-operative day 5 (8,37).
Other systems have attempted to score the severity of
the liver dysfunction but were not designed to predict
its occurrence or outcomes (4,8,37). Even though no
treatment is available to prevent or treat post-hepatectomy
liver failure, we believe that a clinical prognostic factor to
identify early on patients at low risk of progressing towards
PHLF could ease safe decision-making and faster tracking
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through the post-operative course.

The main strength of this study is the analysis of a
large sample representative of daily HPB practice. We
acknowledge the potential information bias associated with
data collection through chart review as well as confounders
that could affect the results. As previously mentioned, we
chose to include both minor and major liver resections,
according to current consensus definitions. This was
decided on for a more pragmatic appreciation of the daily
liver surgery practice. This avoided excluding patients
classified at minor liver resections that could be at risk for
ILI Indeed, with the increased use of parenchymal sparing
techniques, multiple wedge resections for parenchymal
sparing surgery can potentially involve a fewer number of
segments, while representing a more extensive parenchymal
transection and liver trauma. Thus, traditional classification
into minor and major resection may not always offer an
accurate differentiation of extent of resection. Indeed, no
difference in major liver resections was observed between
NP and HP patients. Results of this analysis also depend
largely on the definition of HP. We chose to define HP as
serum phosphate equal or below 0.65 mmol/L based on
previous studies reporting on the frequency of moderate to
severe post-hepatectomy HP, and because its biological and
clinical significance (13,20). This work represents one of the
largest series addressing the association of serum phosphate
and post-hepatectomy liver insufficiency, providing evidence
beyond observations on small number of patients that are
more difficult to generalize. While another recent large
cohort has also examined this issue, our work distinguishes
itself by focusing on the specific population presenting ILI,
a dilemma regularly face by liver surgeons (27). Not only
did it examine the impact of HP on short-term outcomes,
but it also investigated its potential clinical usefulness to
determine the evolution of patients ILI, for whom no tools
are currently available.

Conclusions

In this study, post-hepatectomy HP was not associated with
worse post-operative outcomes. Among patients with ILI,
patients with HP recovered more often from ILI than those
with NP, potentially indicating efficient liver regeneration.
Drop in serum phosphate could be a promising early
prognostic factor for recovery of liver ILL. Further studies
are warranted to explore the association of the trend of
serum phosphate drop and liver function, as well as its
usefulness as a prognostic factor of recovery from ILIL
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