
Temperature Excursions

FIELD GUIDE TO SELECTING  
AND DEPLOYING TEMPERATURE-MONITORING TECHNOLOGIES

In this strategy brief, you will learn the difference between all of the 

temperature-monitoring technologies for distributing healthcare 

products, including chemical threshold indicators, time-temperature 

indicators, programmable electronic temperature indicators, electronic 

data logging monitors and electronic data integrators. Unbiased in-

formation showing the pros and cons of each type of device are listed. 

Included is an illustrated guide to suppliers of such devices.
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Elements of the most recent 

global regulations and industry 

guidance on transport and dis-

tribution of drug products cite data 

and validation along with continuous 

monitoring as critical components 

for maintaining product quality and 

meeting regulatory compliance.  

Monitoring temperature expo-

sure during transport is most often 

achieved by one of two methods: 

collecting data from individual ship-

ments or packages, or by periodically 

gathering temperature data from 

specific transportation routes, lanes, 

modes and service providers.

In either case, the goal is to iden-

tify possible process changes, trend-

ing analysis, performance metrics, 

system weaknesses or variances that 

may invalidate a shipping process. 

Temperature monitoring may occur 

at one or more points in the supply 

chain or throughout the life of the 

drug from manufacture to patient 

administration. 

The types of devices and technol-

ogies necessary to achieve this vary 

greatly and can be broken down  

into two distinct groups: indicators, 

both single and cumulative event va-

rieties (either chemical or electronic), 

and electronic data logging moni-

tors. The level of accuracy of the log-

gers, point of use in the supply chain, 

and the granularity of detail the user 

wishes to obtain often determine the 

specific choice of technology. Other 

factors such as system integration, 

ease of use and cost are also impor-

tant considerations.

At their most basic level, tempera-

ture-monitoring devices are used  

to determine whether the quality  

of a drug product has potentially 

been compromised as a result of  

exposure to harmful, unwanted tem-

peratures. 

Communicating potential tem-

perature excursions may be as simple 

as a visual alert to the healthcare pro-

vider, pharmacist or patient, such as 

an icon or color change right on the 

package, that cues a go/no-go deci-

sion, to sophisticated wireless data 

gathering and analytics, that is stored 

in the cloud or on hosted databases 

and retrievable by authorized person-

nel on their smart phones. 
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Chemical Indicators and  
Time-Temperature Integrators

Benefits

Provides Go/No-Go information at a glance

Little or no training required

Typically used for last mile applications

Long operating life (12-14 months)

Low cost

Limitations

Properly identifying visual change is subjective and not exact

Not an analytical tool

Temperature accuracy +/- 1.0ºC  (industry guidance calls for +/- 0.5ºC)

Must be stored and transported at specific temps to avoid activation

Monitoring upper & lower limits requires use of 2 indicators (or a dual indicator)

Standard time and temperature limits (some customization available for high volume applications)
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TYPES OF MONITORING DEVICES

Temperature threshold indicators are 

typically single-use devices and use 

liquid diffusion technology to signal 

when a single event time-tempera-

ture threshold has been exceeded 

by irreversibly changing color, either 

instantaneously or with some time 

delay. The accuracy and precision 

of these indicators depend to some 

extent on human interpretation.

I.  TEMPERATURE INDICATORS:

Temperature Indicators come in 

three basic types: 

 Chemical - single event (Chemical 

Threshold Indicators)

 Chemical - cumulative event (Time-

Temperature Indicators)

 Programmable electronic (Pro-

grammable Electronic Temperature 

Indicators)

A. Chemical  

Threshold Indicators

Also known as markers or phase-

change indicators, these indicators 

are generally impreg-

nated onto a lami-

nate substrate, such 

as paperboard, and 

are based on a phase 

change or chemical 

reaction that occurs as a 

function of temperature. 

Examples include liquid crystals, 

waxes, polymers, and lacquers that 

change phase, and thereby their 

appearance, as a function of tem-

perature. These indicators provide a 

signal only when exposed to tem-

peratures higher than ascending 

indicator or lower than descending 

indicator a predetermined threshold 

temperature. Chemical temperature 

threshold indicators may 

be reversible or irreversible 

and are suitable for a single 

high or single low tem-

perature. 

B. Chemical Time- 

Temperature Integra-

tors 

TTIs are a more so-

phisticated form of 

chemical indicator 

that detect cumulative events either 

instantaneously or with some time 

delay. They change color permanent-

ly, generally from light to dark and 

faster at higher temperatures and 

slower at lower temperatures. A TTI 

responds to accumulated tempera-

ture conditions experienced by the 

product to which it is affixed. Several 

standard temperature thresholds are 

available. 

C. Programmable Electronic  

Temperature Indicators

ETIs are small, compact, devices that 

observe temperature over time by 

means of a built-in electronic sensor. 

Their composition consists of five ba-

sic components: a thermistor sensor, 

a microprocessor, a memory chip, 

an LED or LCD display, and power 

source (lithium battery). They come 

 TransTracker H uses HEATmarker 
technology to show cumulative heat 
exposure. (Image courtesy of  TempTime)

Electronic Temperature  
Indicators 

Benefits

Some meet regulatory requirements for accuracy of +/- 0.5ºC

Some can be validated per USP General Chapters <1079> & <1118>

Continuously monitors temperature 

Some are calibrated and serialized for NIST traceability

1-5 year operating life

Device acquisition cost is typically well below EDLM + software

More than one alarm setting possible

Limitations

Not an analytical tool

Alarm parameters programmed by manufacturer may require multiple devices 

Requires users to decide on alarm limit parameters
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in a wide range of forms, features, 

configurations, cost and levels of 

performance. They provide either a 

single temperature threshold or mul-

tiple alarm thresholds. These devices 

are employed for simple accept/reject 

decision making applications, and 

their time and temperature accuracy 

is generally more precise than chemi-

cal devices. 

Programmable 

Electronic Indicators 

are typically accurate 

to +/- 0.5ºC.  Shelf life 

varies between 1-5 years, 

and operating life varies 

between 30 days to 5 

years depending upon the manufac-

turer and the application. They are 

frequently used in last-mile applica-

tions. Electronic devices 

provide some additional information 

beyond the go/no-go indication, but 

all require pre-programming and 

minor training. Often an instructional 

card is attached to facilitate proper 

operation and improve information 

flow.

Technology Benefits: 

Both chemical indicators and time-

temperature integrators can be use-

ful, inexpensive tools for providing 

critical information at a glance and 

for making  “go / no-go” decisions 

requiring little or no training. They 

are often employed in the last-mile 

segment of the supply chain and 

most have an operating life of 12-14 

months. Programmable electronic 

indicators enable the user to specify 

time temperature thresholds with 

greater accuracy and traceability.  

Technology Limitations: 

Chemical indicators contain limited 

quantitative data. They do not pro-

vide a time stamp when limits are ex-

ceeded or if there were one or mul-

tiple events, and therefore cannot be 

relied upon for root cause analysis 

and continuous process improve-

Electronic Data Logging  
Monitors (EDLM’s)

Benefits

Generally meets regulatory requirements for accuracy of +/- 0.5ºC

Can be validated per USP Gen. Chapter <1079> & <1118>

Often used as an analytical tool.  Time-stamped temperature data is easily exported and manipulated 
through statistical programs such as Microsoft Excel®.

Wide variety of device choices and manufacturers

Graphs, numerical summaries and data are easily produced with standard reports

Analysis of multiple data sets capabilities

Single use devices are often calibrated and serialized for traceability

Data archived, third-party data management options available

Most devices have two pre-programmed alarm settings (high/low)

Limitations

Temperature accuracy varies among manufacturers and over operating range

Typical settings only take temperature readings 1-4 times per hour

Hidden costs: Additional proprietary  hardware, software, app or licensing may be required for down-
loading data

Complexity of devices varies.  End users without hardware/software may not be able to extract data

Limited operating time: Total memory available and frequency of readings impacts the length of use for 
these devices

Managing large or multiple data sets may be cumbersome

Typically much more expensive the chemical or electronic indicators

Third-party data management is often an additional cost

High incidence of false alarms cause additional data analysis, non-value-added labor cost

 TagAlert® indicators are compact, 
highly accurate electronic indicators, ideal 
for a variety of in-transit temperature 
monitoring applications. These cost-
effective, single-use indicators are often 
chosen to monitor smaller shipments to 
clinical or patient sites. (Image courtesey 
of Sensitech)
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ment. If a user requires an upper and 

lower limit (such as below 0°C and 

above 40°C), two separate indicators 

must be used. The chemical technol-

ogy is varied and proprietary among 

providers and not all indicators 

function in the same manner or to 

the same level of accuracy. Addition-

ally, experts do not agree whether 

such indicators meet temperature 

accuracy requirements established in 

guidance such as USP <1079> and 

USP <1118>, or whether or not they 

can be validated or serialized. 

Also, chemical indicators and 

time-temperature integrators must 

be packaged, shipped and stored in 

a manner that shields them from 

unwanted temperature expo-

sures before they are deployed. 

Prolonged exposure to humidity 

or moisture may further impact 

their accuracy, reliability and read-

ability. Lastly, results rely on a visual 

interpretation, and therefore can be 

subjective. 

2. ELECTRONIC DATA LOGGING MONITORS 

An electronic data logging monitor 

(EDLM) is a small portable device 

that measures and stores tem-

perature at pre-determined and 

pre-programmed time intervals by 

means of an electronic sensor. They 

are similar to but more sophisti-

cated than programmable electronic 

indicators. They have programmable 

user-defined alarm capabilities, 

contain integrated displays, and can 

create reports and graphs which may 

be permanently stored, shared and 

analysed via proprietary hardware, 

software, desktop application or 

through hosted databases. Some 

manufacturers integrate their devices 

with a USB connection allowing for 

immediate data download to a PC 

or laptop computer in pdf format, 

thereby bypassing the need for 

software. 

Technology Benefits:

EDLM devices are an effective tool 

for analyzing sets of data, especially 

post-use trending analytics. They are 

useful when comparing historic data 

that can show trends and pinpoint 

issues that may cause potential 

problems in a process. One of the 

most common uses of EDLM’s is that 

of temperature mapping storage 

facilities to determine the stratifica-
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Electronic Temperature  
Integrators

Benefits

Meets regulatory requirements for accuracy of +/- 0.5ºC

Can be validated per USP General Chapters <1079> & <1118>

Continuously monitor temperatures every minute (1,440/day)

Calibrated and serialized for NIST traceability

Longer operating life by recording only changes in temperature into the permanent record

Eliminates false alarms: Allowable excursions pre-programmed into the alarm settings

Device acquisition costs are typically well below EDLM + software

Multi-alarm settings possible

Versatile: OK for monitoring work-in-process, consumer products, end-to-end shipments or last mile

Graphs, numerical summaries and data can be produced 

Able to analyze multiple data sets

Easily links data into any ERP system

Cloud data storage 

Limitations

Not an analytical tool

Alarm parameters programmed by manufacturer may require multiple devices 

Requires users to decide on alarm limit parameters

 The independent PDF Logger® requires only 
one single device and no specific software to monitor 
temperature during the global transfer of goods to 
respective destinations. (Image courtesy of ELPRO )
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tion and distribution of temperatures 

within a room or a piece of equip-

ment such as a refrigerator, and for 

developing temperature profiles 

representative of various ship-

ping lanes and modes of transport. 

Ambient temperature profiles are 

primarily used to develop and qualify 

packaging by simulating exposure to 

expected temperature ranges and 

extremes during transport.  

Technology Limitations:

Among the limitations to this tech-

nology is the pre-programmed time 

interval between temperature ob-

servations. This time interval – or the 

device’s ability to capture data – is 

dependent on the size of the memory 

and the total length of the observation 

time. Nearly all EDLMs used within the 

pharmaceutical industry today contain 

a 2K memory chip capable of storing 

1,920 data points. Larger memory 

chips are available, but they tend to 

be costly and are not widely used. To 

overcome this limitation, the industry 

yields to longer time intervals be-

tween observations, (generally making 

an observation every 15 minutes). 

An additional drawback is that a 

majority of device manufacturers re-

quire a  combination of data acquisi-

tion hardware, software, desktop ap-

plications, data management storage 

fees and/or licensing fees in order to 

extract and read the data within the 

device. Each location or site down-

loading data from a device requires 

access to these ancillary tools. These 

items are often proprietary and 

unique among EDLM manufacturers, 

and not all meet validation require-

ments or comply with the US Food 

& Drug Administration’s 21 CFR Part 

11 guidance for electronic record 

keeping. Such costs are often hidden 

above and beyond that of purchas-

ing the device alone and should be 

carefully considered and thoroughly 

vetted before implementation.

3. ELECTRONIC DATA INTEGRATORS

An emerging subset of EDLM’s is a 

hybrid instrument programmed like 

an electronic temperature indicator 

(ETI) with the report/data producing 

capabilities of an electronic data log-

ging monitor (EDLM).  

 

Technology Benefits:

By combining the best features and 

functions of both integrators and 

data loggers, the user can realize 

the efficiency of a go/no-go device 

with the record retention and data 

tracking of an EDLM but with greater 

granularity and data management 

flexibility. User-defined alarm settings 

for the devices are based on known 

drug stability profiles and corporate 

time out of refrigeration (ToR) or time 

out of temperature (ToT) calculations.  

Alarms focused on time above or be-

low specific temperature ranges can 

allow a firm to leverage their product 

intelligence to avoid alarm conditions 

and costly and time-consuming false 

alarm investigations typically associ-

ated with EDLMs.  

 

Technology Limitations: 

The user must have intimate knowl-

edge of their product stability in 

order to define alarm settings (either 

time and temperature related or 

math calculations; or both) to achieve 

the desired benefit of reducing the 

quantity and costs associated with 

false temperature alarms. 

CONTINUED FROM PAGE 5

 The Q-tag® CLm doc connects to a PC or Mac via 
USB, and creates a PDF and ASCII file with all the mea-
sured temperatures and time data, graphs, and date 
and time of excursion from the start until the device 
has been stopped. (Image courtesey of Berlinger)
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BETTER HEALTHCARE LOGISTICS = 
BETTER PATIENT OUTCOMES

Whether you’re shipping pharmaceuticals/

biotech, generic pharmaceuticals, medi-

cal devices and equipment, or combi-

nation products, UPS’s investment in healthcare 

logistics provides you with a competitive advan-

tage in safely delivering your high-value products 

where they need to be around the globe, when 

they need to be there, and in the right condition. 

Advances in treatment therapies beyond tradi-

tional small-molecule pharmaceuticals are driving 

the use of biological and combination products, 

many of which must remain in the 2°C to 8°C tem-

perature range, requiring extreme care from point 

of manufacture to patient administration. 

A good example of this was illustrated in early 

2012, as the flu season approached in Southeast 

Asia. UPS coordinated logistics and shipping 

responsibilities for Walgreens’ donation of 375,000 

individual doses of seasonal flu vaccine to Laos 

for administration to a population in need. To 

do the job, UPS used 

two PharmaPort™ 360 

pharmaceutical-grade, 

temperature-controlled 

containers to maintain 

the required 2° to 8°C 

temperature of the vac-

cines. The two containers 

were exposed to extreme 

ambient temperatures 

during the more than 

9,000 mile journey over 

five days.  Yet the contain-

ers performed flawlessly 

and actually kept the flu 
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vaccines to within 1.5ºC of the 5ºC setpoint.  

A global assignment such as this is possible 

because, “UPS has invested in people, processes, 

and technology in the area of temperature-sensi-

tive shipping, with market-leading capabilities in 

the space,” says Dirk Van Peteghem, vice presi-

dent, healthcare logistics, UPS. 

UPS is uniquely qualified to handle your health-

care-related product logistics and shipping based 

in part on competencies that include the following:

• Passive and active benefits. The fully vali-

dated PharmaPort™ 360, manufactured by Cool 

Containers LLC, is no ordinary shipping container. 

It employs passive and active systems. Unlike some 

systems that use a compressor that generates ex-

haust and consequently limits your flight choices, 

the PharmaPort™ 360 uses unique rechargeable 

heating and cooling plates. As a result, the Phar-

maPort™ 360 can fly in the upper or lower deck of 

a plane, be it a wide-body or 

narrow-body aircraft, and can 

also be carried in a wide range 

of ground vehicles to reach 

populous and remote loca-

tions around the globe.

• Advanced technology. 

The PharmaPort™ 360 con-

tainer is equipped with built-

in GPS/GSM technology that 

transmits data throughout the 

transportation journey. UPS 

global control towers monitor 

each shipment’s progress as 

well as the temperature of the 

interior of the container, battery status and other 

environmental conditions. With this information 

UPS is able to ensure each shipment is moving 

according to plan.

• Excursion identification. If it appears a product 

is nearing an excursion condition, based on tem-

perature data monitored by UPS control towers, UPS 

can take immediate action to intervene and imple-

ment predetermined contingency plans to protect 

products in transit and prevent excursions. The 

result is a reduction in product loss and spoilage.  

• Redundant systems. The PharmaPort™ 360 

has built-in redundancy with backups for all key 

systems including air circulation, refrigeration, 

and heating. 

• Ease of use. While some semi-active and/or 

active containers require dry ice, the PharmaPort™ 

360 does not require dry ice or other phase-

change materials to maintain temperature. Plus, 
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the easy-to-use control panel has simple settings 

and status indicators, and is pre-set to 5ºC, limiting 

the opportunities for costly user error. 

Van Peteghem says, “UPS has the expertise and 

global resources to provide healthcare manufac-

turers with real-world solutions to assist you on 

matters of product security, regulatory and com-

pliance issues, quality assurance, and distribution 

operations, as well as product monitoring and 

excursion prevention.”

With more than 42 dedicated healthcare dis-

tribution facilities worldwide, 21 CFR Part 11-vali-

dated warehouse management systems, controlled 

substance storage—including DEA-approved 

vaults and cages—hundreds of geographically 

specific regulatory licenses and registrations, dry 

ice replenishment and refrigeration services in 

select locations, and more than 6.4 million square 

feet of cGMP- or cGDP-compliant, dedicated 

healthcare distribution space globally, UPS strives 

lead the global healthcare logistics space. And we 

can be your trusted resource and solutions-based 

partner for all your 2° to 8°C temperature-sensitive 

logistics and shipping requirements.

What's more at UPS we never forget: “It's a 

Patient, not a Package.”® 

Contact your UPS Account Manager to learn  

more about our healthcare services, or visit  

ups.com/healthcare.

LOGISTICS LEARNING SERIES #4  |  10

SPONSORED SECTION Better healthcare logistics = better patient outcomes
CONTINUED FROM PAGE 8

This article was supplied by UPS.
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How to Properly Assess Risks, Threats, 
and Costs of Healthcare Product Distribution
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In this strategy brief, you will learn about Lane 
Characterization, or how to assess  
various shipping routes to understand costs 
and risks associated with a particular shipping 
route. Understand how to analyze logistic 

parameters, transit cycle times, touch points, 
as well as ambient temperature threats to phar-
maceutical, biologics, and medical devices. The 
goal: Build a transit program that appropriately 
balances risk with cost.

By Geoffrey Glauser  |  Senior Consultant, Conceptual Mindworks Inc.

In support of Health & Human Services, Assistant Secretary for Preparedness and Response, Biotechnology 
Advanced Research & Development Authority

LOGISTICS LEARNING SERIES #2  |  Validation

10 Steps to a Validated Time- or Temperature-sensitive Package
This strategy brief spells out a modern 10-step 
workflow to achieve a validated healthcare 
package, extending beyond traditional test-
ing of materials, components and systems for 
suitability, cost considerations and implemen-
tation. This workflow also takes into account 
understanding the product, the distribution 

network, suppliers’ capabilities and limitations, 
training, and monitoring the distribution system 
for changes. Having a thorough and well-doc-
umented process is key to having confidence 
in the performance of transport packaging 
and crucial to surviving an eventual regulatory 
audit.

By Kevin O’Donnell  |  Senior Partner,  
Exelsius Cold Chain Management – US

LOGISTICS LEARNING SERIES #3  |  Vendor Selection

Selecting a Vendor for Transportation of 
Temperature-Sensitive Products
When selecting a third-party transporter for 
pharmaceutical products, manufacturers must 
look beyond price and evaluate each potential 
vendor from a functional and quality stand-
point as well. This guide contains checklists 

of requirements for temperature control, fleet 
operation, security, and contractor SOP’s.  In-
cludes a downloadable version in Word format 
for importing into your own requirements docu-
ments.

By Geoffrey Glauser  |  Senior Consultant, Conceptual Mindworks Inc.

In support of Health & Human Services, Assistant Secretary for Preparedness and Response, Biotechnology 
Advanced Research & Development Authority

DOWNLOAD LOGISTICS LEARNING SERIES #3

Delivered by UPS

Delivered by UPS

Delivered by UPS

http://www.healthcarepackaging.com/logistics-learning-series/lane-characterization
http://www.healthcarepackaging.com/logistics-learning-series/lane-characterization
http://www.healthcarepackaging.com/logistics-learning-series/10-steps-to-validated-package
http://www.healthcarepackaging.com/logistics-learning-series/10-steps-to-validated-package
http://www.healthcarepackaging.com/selecting-vendor-transportation-temperature-sensitive-products
http://www.healthcarepackaging.com/selecting-vendor-transportation-temperature-sensitive-products

